NASA TECHNICAL NOTE NASA TN D-7602

e~

~

[

=

2 CAGE FILE
- ~PY

COMPUTER PROGRAM FOR
CALCULATING THE FLOW FIELD
OF SUPERSONIC EJECTOR NOZZLES

by Bernhard H. Anderson

Lewis Research Center

Cleveland, Obio 44135 @

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION « WASHINGTON, D. C. APRIL 1974






. Report No.

2. Government Accession No.

NASA TN D-7602

. Recipient’s Catalog No.

. Title and Subtitle

COMPUTER PROGRAM FOR CALCULATING THE FLOW
FIELD OF SUPERSONIC EJECTOR NOZZLES

. Report Date

APRIL 19Th

. Performing Organization Code

. Author(s)

Bernhard H. Anderson

. Performing Organization Report No.

E-7476

. Performing Organization Name and Address

Lewis Research Center
National Aeronautics and Space Administration
Cleveland, Ohio 44135

. Work Unit No.

501-24

. Contract or Grant No.

13.

Type of Report and Period Covered

12. Sponsoring Agency Name and Address Technical Note
National Aeronautics and Space Administration -
14. Sponsoring Agency Code
Washington, D.C. 20546
15. Supplementary Notes
16. Abstract
An analytical procedure for computing the performance of supersonic ejector nozzles is pre-
sented. This procedure includes real sonic "'line'" effects and an interaction analysis for the
mixing process between the two streams. The procedure is programed in FORTRAN IV and
has operated successfully on IBM 7094, IBM 360, CDC 6600, and UNIVAC 1108.
17. Key Words {Suggested by Author(s}) 18. Distribution Statement
Propulsion Unclassified - unlimited
Aerodynamics
Cat. 28
19. Security Classif. (of this report) 20. Security Classif. {of this page) 21. No. of Pages 22. Price”
Unclassified Unclassified 81 $4.00

" For sale by the National Technical Information Service, Springfield, Virginia 22151







COMPUTER PROGRAM FOR CALCULATING THE FLOW FIELD
OF SUPERSONIC EJECTOR NOZZLES
by Bernhard H. Anderson

Lewis Research Center

SUMMARY

An analytical procedure for computing the performance and flow-field characteris-
tics of supersonic ejector nozzles is presented. This procedure includes real sonic
"line'" effects and an interaction analysis for the mixing process between the primary
and secondary flows of the ejector nozzle. The procedure, which has been programmed
in FORTRAN 1V, is designated REJECT and has operated on IBM 7094, IBM 360,

CDC 6600, and UNIVAC 1108.

INTRODUCTION

The potential of secondary flow to improve the performance of exhaust nozzles has
received widespread attention. Numerous experimental as well as theoretical investi-
gations have been conducted. The early efforts to analyze supersonic ejector nozzles
were based on one-dimensional concepts (refs. 1to 3). In these studies of ejector sys-
tems, one-dimensional isentropic relations were applied to both the primary and sec-
ondary flows, which were considered to coexist within a cylindrical shroud and allowed
to have different average total pressures. Because such a treatment has limitations, in
later analyses the primary flow was constructed by using the method of characteristics,
while one-dimensional isentropic flow was assumed for the secondary stream (refs. 4
to 6). In these analyses, the dissipative effects of the mixing process were not treated
as an interaction problem, but rather superimposed on the inviscid jet boundary in the
classical boundary-layer approach. The phenomenological description of this transport
mechanism was based on a quasi-constant-pressure two-stream turbulent mixing pro-
cess (ref. 5) obtained by an extension of analyses for mixing between a single stream
and a quiescent fluid (ref. 7). In application, the effects of mixing were viewed as a
simple change in the secondary weight flow ratio from that given by the inviscid solution.



In general, this method yielded good agreement with data, provided the shroud (or
shoulder) diameter ratio was small and the primary stream entrance Mach number was
greater than 1. 0 so that the flow followed a Prandtl-Meyer relation for the expansion
process around the primary nozzle lip.

It became apparent that an interaction approach had to be used for the mixing pro-
cess for many ejectors (ref. 8) because a correction of the inviscid solution underesti-
mated the effects of the turbulent mixing process. A second and very pragmatic prob-
lem also occurred when extensive calculations were made with these analyses. The
inviscid analysis would not yield a choked solution in the stream for many ejector con-
ditions of interest. However, it was realized (ref. 8) that if the second-order displace-
ment effects were included in an interaction analysis, these solutions could be obtained.
The assumption that the flow follows a Prandtl-Meyer expansion around the primary
nozzle lip from a uniform sonic flow was very limiting because practical ejector sys-
tems usually have choked conical primary nozzles. It was not until the solution of com-
pressible flow through choked conical nozzles was accomplished (ref. 9) and incorporat-
ed into an ejector nozzle analysis (refs. 10 and 11) that the influence of the sonic line
assumptions could be resolved. The computer program reported herein is designated
REJECT and includes both the choked conical nozzle analysis reported in reference 9
and an interaction analysis for the mixing process between the primary and secondary
flows within the ejector nozzle.

The theoretical analysis for the solution of an ejector nozzle flow field of arbitrary
geometry is presented in this report. A comparison of the theory for a large number of
test cases is presented in references 10 and 11. The symbols used in the analysis are
defined in appendix A. To facilitate the use of the computer program, a detailed de-
scription of the input which is required to operate REJECT and an interpretation of the
printed output are given in appendixes B and C. In addition, a sample output listing and
the computer program listing are presented in appendixes D and E.

ANALYSIS

The flow in an ejector nozzle involves the mutual interaction between a high-energy,
high-velocity primary stream and a low-energy, low-velocity secondary stream, as
shown in figure 1. These two streams begin to interact at the primary nozzle lip. For
the ejector operating in the supersonic flow regime, the secondary flow is effectively
"'sealed off'' from ambient conditions. It is this nozzle operating condition that is con-
sidered in the theoretical analysis presented in this report.

The primary flow field is determined by the method of characteristics, starting
from an initial datum line, called the sonic line. The viscous interaction between the



two streams occurs along the interface (dash-dot line in fig. 1) and results in a transfer
of energy from the primary stream to the secondary stream. In the present analysis
the two-stream mixing is computed on the basis of a quasi-constant-pressure mixing
process; that is, the velocity profile is assumed to be developed from the local two
streams through a constant-pressure turbulent mixing process. Two conditions were
applied at each point along the jet boundary or interface: (1) the local static pressure
must be equal for both streams at their boundary and (2) continuity between the two
streams must be preserved. The later condition required that the amount of secondary
flow entrained by the mixing process plus the unmixed flow be equal to the secondary
flow supplied to the ejector. These conditions were used to determine the jet boundary
and consequently the local flow conditions in the neighborhood of the shroud wall. Thus,
the mixing process was treated as an interaction analysis rather than simply superim-
posing the mixing region on the inviscid flow field at the minimum secondary flow area
as had been done previously.

Sonic Line Solutions

Real sonic line. - The axisymmetric transonic flow analysis through conical nozzles
presented in reference 9 forms the basis for the sonic line solution in program REJECT.

To obtain the flow angle distribution in the throat region of the primary nozzle, the flow
is assumed to be steady, irrotational, isentropic, and two dimensional. The motion of
such a fluid can be described in terms of the stream function y by the equation

2,2 2 2

Po 1% Py (1% Po 1'%
(22 Y 2 X'y (=2
1 (p) 2 Ve * 2<p> 2 Vay 1 (p)

a a a

E s

=0 (1)

”by}’

o |

where the subscripts refer to partial differentiation. Equation (1) is a nonlinear partial
differential equation of second order. Within the transonic region, this equation is of
the mixed type, elliptic for subsonic flow and hyperbolic for supersonic flow. Upon in-
troducing the hodograph variables defined by

q-= (u2 + v2)1/2 (2)
9 =tan"! (ﬁ) (3)



equation (1) becomes
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Further simplification can be made by introducing the transformed velocity defined by

dw =P 99 (5)
Po 4
Thus, equation (4) becomes
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The introduction of the tangent gas approximation «(M) = 1 greatly simplifies the
solution of equation (6) because the hodograph relations reduce to the Cauchy-Riemann
equations. Thus, the flow field may be solved by the method of complex variables. The
incompressible and compressible flows are thus related by equation (5), which becomes
upon integration

(8)




where q . and Mm represent the velocity and Mach number at the match state where
this analysis is applied. Because the Cauchy-Riemann conditions are satisfied, the
method of singularities can be used in such a way as to satisfy the boundary conditions
of the present problem. The complex potential function of an arrangement of sources
and sinks which satisfies the necessary boundary conditions is given by

cosh ™ (w- 19 - wj) - cosh(-’-r- Aw)

Flw-19) =In - -

coshl (w-1i-w)-1
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where Aw = W - W, - The complex velocity can thus be found by differentiating equa-
tion (9)
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Use of this solution limits configurations to sharp-edged conical nozzles. The hodo-
graph solution can be transformed to the physical plane by introducing the complex vari-
able z =x +iy. Thus,

w-19
1« 9dF s dq(w-1i9) - x—9F o d(w- i9) (11)
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where the bar over the last term indicates the complex conjugate. Thus, the location of
any point (w, 9) in the hodograph plane can be transferred to the point (x,y) in the physi-
cal plane by the integration of equation (11). The numerical constants have been adjust-
ed in equation (11) such that the location of the nozzle lip in the hodograph plane (wj, a)
corresponds to the point (0, 1) in the physical plane. Of particular interest in this analy-
sis is the distribution of flow angle within the throat region. These lines of constant
flow angle are called isoclines. To obtain the location of these isoclines, equation (11)

is numerically integrated from w_, to wj at selected values of w for flow angles be-

tween 0 and «. :
The sonic line is determined by finding the points of intersection of the established

isoclines with the Mach lines originating at the nozzle lip, as shown in figure 2. To

determine these Mach lines, the method of characteristics is introduced. Thus, the

primary flow field is constructed by using the set of equations
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where u is the local Mach angle. The static pressure p and flow angle 9 were cho-
sen as the basic variables because these quantities must be matched along the primary
jet boundary, or slipstream. At the nozzle lip, the expansion is a centered-wave type
and thus satisfies the Prandtl-Meyer function. The flow at the nozzle lip turns through
an angle which is determined by the back pressure, or the pressure in the vicinity of the
primary nozzle. The expansion is divided into a finite number of discrete steps. The
first point on the sonic line is the point of intersection of the first isocline (fig. 2) and
the Mach line from the nozzle lip which yields Mach 1. 0 at the isocline flow angle. This
intersection is determined through an iterative process which involves satisfying the
known properties of pressure and flow angle along the sonic line and the characteristic
equations. Subsequent points along the sonic line are constructed in the same manner
as the characteristic net is developed. Thus, the sonic line is constructed as the pri-
mary flow field is developed.

While the analysis presented is for the choked flow through a wedge nozzle, the
solution of flow through conical nozzles is obtained by using the simplifying assumption
that the isoclines for axisymmetric flow are the same as those for the corresponding
two-dimensional flow. Once the sonic line is constructed, the inviscid discharge and
velocity coefficients can be obtained from the expressions

Cp. = J (cos sy dy - sin 9y dx) (15)
1
Cv -1 f cos 9(cos Iy dy - sin Iy dx) (16)
i C
D.

1

integrated along the sonic line.

Conical sonic line. - The present analysis constructs a primary inlet flow sonic line
for an ejector with a centerbody by assuming that flow within the throat region satisfies
the Taylor-Maccoll flow represented by the equation
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where the subscripts refer to partial differentiation. Equation (17) is integrated from
the centerbody surface to the primary nozzle lip. The boundary conditions on the plug

surface are given by

~
u=qmcoss

V=0, sin 3 . (18)
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where 9%, is the velocity of the match condition, which is usually chosen to be 1. 003,
and 9 is the half-angle of the plug surface in the vicinity of the primary nozzle exit.
The sonic line would therefore be represented as a Mach wave passing through the pri-
mary nozzle lip and intersecting the ejector centerbody. The conditions along that start-
ing line are obtained from a solution of equation (17). Construction of the sonic line by
using the Taylor-Maccoll equation provides a flow that will not compress to subsonic
conditions on the plug surface downstream of the throat. It also satisfies the condition
that the velocity at the plug surface be parallel to that surface, but the condition of a
specified primary lip angle cannot be satisfied.

Plane sonic line. - The plane sonic line starting datum is constructed by using equa-
tions (12) to (14) at the match Mach number M. Along this datum line, the flow angle
distribution does not vary. Thus, the only physically real case it can represent is that
of flow discharging axially from a nozzle with a zero lip angle.

Primary Flow Field Solution

Because the method of characteristics represents the solution of a hyperbolic dif-
ferential equation, downstream boundary conditions are not required. The solution
marches downstream using only the known upstream values and boundary conditions.
Disturbances in the flow field are not propagated upstream and do not affect regions of
the flow which have already been calculated. The actual computational procedure varies
somewhat depending on whether the new point to be calculated is an interior or boundary
point. However, the set of equations (12) to (14) must be satisfied. The numerical



technique used in constructing the primary flow field was structured as a marching
technique. Only the conditions on two C+ characteristics are saved (fig. 2), and the
computations always proceed in the downstream direction. This technique was chosen
over a reference plane method (ref. 12) because the flow under many ejector operating
conditions goes subsonic in the region near the centerline of the nozzle exit. Therefore,
the complete pressure distribution on the shroud surface can be obtained without dealing
with a subsonic region.

In the method-of-characteristics solution, a shock wave is formed when two or
more members of the same characteristic family intersect. This phenomenon always
occurs in an ejector exhaust nozzle at some point in the flow field as a direct result of
the recompression process which follows the overexpansion of the flow at the primary
nozzle lip. In this computer program, when two or more characteristics of the same
family do intersect, the conditions are set equal to the average conditions at the inter-
section point. These average conditions are projected downstream to the next solution
plane and thus form a weak shock wave. No attempt is made to account for entropy
losses under these conditions.

When the static pressure at the free boundary is constant, the Mach number at this
boundary is only a function of pressure. The numerical procedure for solving the free
boundary under this condition for the method of characteristics is well established and
will not be discussed. For flow in ejector nozzles the primary jet boundary is not at
constant pressure. Thus, the conditions along this interface depend on the ejector mass
flow ratio, the total pressure ratio, the primary nozzle geometry, the shroud geometry,
and the mixing process along the jet boundary. A detailed discussion of this dependence
appears in the section Secondary Flow Field Solutions. It suffices to say that once the
pressure on the jet boundary is determined, the iteration for the location of the primary
jet boundary proceeds as if it were at constant pressure.

Centerbody boundary layer. - The iteraction between the primary flow field and the
boundary layer along the centerbody surface is taken into account in program REJECT
by the classical method of patching the boundary layer and inviscid flow field solutions.
Both the inviscid primary field and the boundary layer are computed simultaneously so
that the "'marching'' procedure is maintained. The boundary layer parameters are cal-
culated by the method presented in reference 13. This method was chosen because it
provides working formulas which are simple to program and which reflect boundary
layer behavior to a remarkably good degree, provided the Reynolds number is large and
the flow remains attached. The technique for including the boundary layer in the char-
acteristic solution proceeds in the same way as the standard boundary solution except
the physical surface is displaced an amount 6* and the surface tangent is increased an
amount dé* /dx. With the method presented in reference 13, the boundary layer proper-
ties are computed on the basis of an equivalent length defined by
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and B takes on values of either 1.20 or 1.25 depending on the Reynolds number. The
local Reynolds number Ry based on the equivalent length defined by equation (19) is
computed by using the stagnation pressure and temperature. With this local Reynolds
number R’X’ the displacement thickness 0* and momentum thickness 6 are computed
for RX of order 106 by using the expressions

5% =0.046% (1.0 + 0. 8M2)0' 44R;{°' 20 21)
6 =0.036 % (1.0 + 0. 10M2)_O' 70R;(0' 20 22)
and for R, of order 107 by using the expressions
5% =0.028% (1.0 + 0. 8M2)O° 44R;(0’ 167 (23)
6 =0.022% (1.0 + 0. 10M2)-0'70R;(°- 167 (24)

These equations are valid for y = 1.4.

Since the static pressure is considered constant through the boundary layer, the
pressure that is computed a distance 6* from the surface is transferred to the surface.
This pressure forms the basis of the iteration loop so that the calculations can be cycled
in the standard manner for conditions on the surface.

Reynolds number effect. - It is well known that Reynolds number affects the meas-
ured flow coefficient of choked nozzles. If the loss in mass flow is considered as a
blockage effect caused by boundary layer displacement, the discharge and velocity coef-
ficients associated with only blockage can be approximated by the following expressions:
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For a 1/7-power velocity distribution law the boundary layer displacement thickness
varies as x4 5 according to the expression obtained from reference 14. When the pri-
mary nozzle exit diameter is identified with the characteristic length, equations (25)
and (26) become

-0.2
CD =1.0 - KIRD 27)

-0.2
Cv =1.0 - KZRD (28)

where
K, - 0.185 (29)
CcOoSs «

K, = 0.144 (30)

for a 1/7-power velocity profile. The correlations expressed by equations (27) and (28)
are compared with unpublished data obtained on a ASME nozzle in figure 3. The nozzle
thrust coefficient is presented as the ratio of actual thrust to ideal thrust of a choked
nozzle based on the measured weight flow. In general, agreement appears to be very
good for the Reynolds range 1><106 to 1><107. Equations (27) and (28) can be combined
with equations (15) and (16) to form a more general expression for the flow and velocity
coefficients.

CD = (1.0 - KIRE)O'2> f(cos 9y dy - sin 9y dx) (31)
-0.2) 1 .
Cv = (1. 0- KZRD >— f cos I(cos 9y dy - sin 9y dx) (32)
C
D

i

where Cp is the inviscid flow coefficient represented by equation (15) and the integra-
i

tion is performed along the sonic line. Equations (31) and (32) were used to compute the

10



flow coefficients for the choked conical nozzles with primary nozzle lip angles «a of

8° and 27° that were presented in reference 11. Agreement between calculations and
measurements for both cases was very good. Thus, REJECT computes the performance
of the primary nozzle acting in conjunction with the ejector.

Secondary Flow Field Solutions

The purpose of program REJECT is to establish, for a given geometry, the per-
formance characteristics of the ejector system when the secondary flow becomes inde-
pendent of ambient conditions. The flow regimes occurring under this condition can be
categorized on the basis of the predominant flow mechanisms.

When the amount of secondary flow supplied to the ejector nozzle is small, the pri-
mary flow plumes out and impinges on the shroud wall, as shown in figure 4(a). This
causes an oblique shock to form which effectively "'seals off'' the secondary flow from
ambient conditions. The secondary flow is ""dragged'' through the oblique-shock pres-
sure rise by its mixing action with the higher velocity primary jet flow. Equilibrium
conditions are thus established in the ''low'' secondary mass flow regime when the
amount of secondary flow supplied to the ejector is equal to the flow which is dragged
past the recompression zone associated with the oblique shock. For the ejector operating
in the '*high'" secondary mass flow regime shown in figure 4(b), the interaction between
the two streams is such that the secondary flow accelerates to critical conditions some-
where downstream of the primary nozzle. The viscous interaction between the two
streams occurs along their interface. As a result, energy (shear work) is transferred
from the primary to the secondary stream and the pumping characteristics are modi-
fied by the displacement effects of the mixing region.

Interaction between inviscid flow fields. - The primary stream internal flow field
is analyzed by the method of characteristics for irrotational axisymmetric flow. The
general conditions that must be satisfied along the jet boundary between the primary and
secondary streams are (1) the local static pressure must be equal for both streams at
their interface and (2) continuity between the two streams must be preserved. For flows

in which the mixing is neglected, the later condition requires that

W. f(y.) A* P
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Thus, for a given secondary total-pressure ratio and corrected weight flow ratio, the

parameter A;/Al’g, defined hy equation (33), relates the conditions on both sides of the
jet boundary. Consequently, the Mach number in the secondary passage can be deter-
mined from the expression

where AS is the local secondary flow area, Ap is the primary nozzle exit area,
Ap/AI*S is a function of the primary nozzle exit Mach number, and Ag/A* is related to
the ejector operating conditions through equation (33). The local secondary flow condi-
tions can thus be established from equation (36), and this will determine the jet boundary.
Relations within mixing region. - The quasi-constant-pressure two-stream mixing
processes presented in references 5 and 7 was used as the mixing model in program
REJECT. In most cases of ejector operation, the characteristic Reynolds number is
sufficiently large so that the jet mixing process occurring within the flow field is likely
to be turbulent. The assumption of quasi-constant-pressure two-stream mixing means
that the velocity profile, at the flow station under consideration, is considered to be de-
veloped from the local two streams through a constant-pressure turbulent jet mixing

process. The velocity profile within such a region will be given by
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and o is the similarity parameter for the homogeneous coordinate system within the jet
mixing region. The jet boundary separating the two streams is located at nj within the
mixing region so that
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where the Crocco number Cp is defined by the equation
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where A is the stagnation temperature ratio throughout the mixing region for fluids
with a Prandtl number of 1. The velocity and stagnation temperature profiles described
are defined within an intrinsic coordinate system which is located by a shift of Y with
respect to the reference system and which is given by

Yn 1

- -y [Totng) - @1y (n)] (46)

The effects of the entrainment of the secondary flow by the primary stream are in-
terpreted in the boundary space as equivalent to a displacement of the secondary stream
boundary 6*. Thus, it can be shown that

5x Vg Tp
o so S 1) -, (47)

2
s ( - Cp)‘ps

The numerical value of the similarity parameter ¢ has been well established to be 12
for the mixing of an incompressible fluid and later extended to 12 + 2. 758 M for the
compressible flow regime. To extend the concept of a similarity parameter to the two-
stream mixing problem, a rationale was proposed in reference 7 which resulted in the
following expressions:

o =|—1|0 48
| G R | (48)
I
where
o 1+ o
e i S (49)
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and the equivalent one-stream Crocco number Cp is given by the relation
I
2 (1- ¢
2 pn ¥s
C (50)
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By using equation (47), the equivalent one-stream similarity parameter o} can be de-

fined in terms of the Crocco number Cp by the relation
I

(51)

op = (12 + 2.758)

Mixing process in high secondary flow regime. - The conservation of mass within
the ejector nozzle flow field (fig. 4) would require that at each streamwise station, the

following expression would be valid:

Vs (Ys,1, Vs
o \"p W

(52)

where WS/Wp is the secondary corrected weight flow ratio supplied to the ejector,

W i/Wp is the secondary weight flow ratio which is unaffected by the mixing process,

and, AWS/Wp represents the amount of flow entrained by the mixing process to the point
of consideration. The ratio AW$/Wp can be expressed by the following relation:

A
AW (A*> !1 - C2!<p
s_2 2 py, P S(.onxﬁ_*) (53)

y
A nn 2 2 X
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Since the secondary corrected weight flow supplied to the ejector remains constant, the

term Ws i/Wp can be computed from equation (52). Since the secondary total-pressure

ratio P S/’ P_ remains constant, the local secondary critical area ratio is thus affected
by jet mixing through the expression

At Pp(Ws AW

Ap f('ys) PS Wp Wp

(54)

The parameter A; i/Ai; defined by equation (54) is evaluated at each point along the jet

15



boundary, so that conservation of mass is always preserved.
The local secondary flow conditions are determined from the expression

-1
. A

As,i_As,iAp|t0p) Pp(Ws AW (55)
Ay, A, ALlto P \w W

)ﬁ Wy AW,

which is used in the iterative procedure to define the local flow conditions along the jet
boundary. This procedure takes into account the effects of mixing on the local second-
ary flow Mach number. The local secondary flow area is obtained from the expression

A, .=A_-AA (56)

where AS is the secondary flow area defined by the local jet boundary and AA s is the
area associated with the mixing region. This term can be obtained from the relation

2 O*
AA == Xx ¥ ('UII X —) (57)
o X

Equation (57) represents the change in the secondary flow area caused by the effects
of entrainment of the secondary stream by the primary stream (fig. 4) as interpreted in
the boundary layer sense by the displacement thickness -6*.

The isolation condition for the ejector operating in the high secondary flow regime
requires that the critical area ratio defined by equation (55) be greater than, but in the
neighborhood of, 1.0. This is accomplished in REJECT through an iterative process by
fixing the corrected secondary weight flow ratio WS/ Wp and varying the secondary total
pressure ratio PS/Pp until this condition is satisfied.

Impingement solution. - As previously described, equilibrium conditions are estab-
lished in the low secondary weight flow regime when the amount of flow that is dragged
past the recompression shock (fig. 4(a)) is equal to the amount of secondary flow sup-
plied to the ejector system. The amount of secondary flow for this case is given by the
expression

W o v L) - 1yng)] 8
P,
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where Xy and Y give the location of the primary jet impingement on the shroud wall
and (A/A* )W is the area ratio associated with the primary flow upstream of the recom-
pression shock. Application of the escape criterion

<_p_2> =<2> - <1 _y-1 qczl)'Y/(Y'l) (59)
Py P/q v+ 1
w

would allow an identification of a discriminating streamline 7 d within the jet mixing re-
gion which distinguishes that part of the flow which is ""turned’' back and that part which
has sufficient energy to traverse the static-pressure rise (pz/p1> associated with the
impingement shock (fig. 4(a)).

Shroud boundary layer. - The boundary layer along the shroud wall is treated in a
manner similar to that used for the boundary layer along the centerbody surface, which
was previously discussed. The marching procedure is preserved, and equations (19)
to (29) provide the working formulas for the computation of the shroud boundary layer.

Performance parameters. - The two most important parameters which describe the
thrust performance of ejector systems are the nozzle efficiency

_F_Peffe
P_A P_\A
CT P D P\ DB (60)
PpAp PpAp
and the gross thrust coefficient
_F__Pe (P
P A P_\A
CF | Y P\D (61)
A
PP p

where F / (PpA } and F / (PpAp) are the ideal thrust of the primary and secondary
streams based on the measured weight flows and the nozzle pressure ratio Pp/p The

ideal thrust of the primary and secondary streams can be computed from the relations

F. P
P _c %t [y, = (62)
PA D" tid |'p P
pp P
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F, P, A* AY p
s
1S _ 'Sy 8. pfid (75’ Pe> (63)

where

1/2
-1 1/2 -1)/2
fid(”’ %> _ 7(73 1)7/(“/ )<7 + i) / L. G%)(V )/ 64)
y -

The total stream or vacuum thrust of the ejector system is defined by the following ex-
pression:

F F F F F
F _'p , s ,"sh b °f (65)
Pop PpAp PpAp PpA, P, PA,
where
F
P _(B (1.o+ 7,CpC Mz) (66)
PA_ \P p-Uvp
p'p p
F P A
S -2 (Lo ygul) S (67)
P
p®p Pp Ap
F
sh L/ p dA (68)
PA, PA Ay
F
;%Lf p dA (69)
pp PpAp Ay,
Fy 1 2 2
—r - f 7gPgMCy dT + Y,P M C; dT (70)
PA  PA_ S PA_ /s PPP
pPp pp sh PP
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OUTLINE OF GENERAL SOLUTION

The actual computation of the pumping characteristics, whether in the low or high
secondary flow regime, requires an iterative procedure which involves the calculation
of the entire flow field to some point where the isolation condition can be verified. This
overall iteration is accomplished by holding the secondary corrected weight flow ratio
WS/ Wp constant and choosing different values of secondary total-pressure ratio Ps/ Pp.
The set of equations discussed were programmed in a downstream forward-marching
procedure starting from the sonic line solution, which depends on both Ws/ Wp and
PS/ Pp. Once initiated, the procedure is advanced to a new station, where the previous
station's solution is used as input for the new solution. At this point, the secondary
flow field is examined and a decision is made whether to continue in the downstream
direction or to seek a new value of total-pressure ratio PS/ Pp and repeat the cycle.
When a solution has been found, the entire ejector flow field is computed, along with the
standard ejector performance parameters. Because of the many iterations that can oc-
cur in arriving at the pumping characteristics, program REJECT has been structured
to avoid excessive iterations within each flow field calculation, although such computa-
tions as the sonic line, two-stream mixing interaction and boundary layer effects are
repeated for each iteration. One complete flow field computation requires about 40 sec-
onds of central processing unit time on the CDC 6600 computer.

CONCLUDING REMARKS

A theoretical analysis for the solution of flow within ejector nozzles of arbitrary
geometry is presented by using standard numerical techniques. A large number of cases
have been calculated with this analysis and compared with appropriate experimental data
(refs. 10 and 11). The procedure presented in this report provides an accurate and
economical method of designing a wide variety of ejector nozzles over the range of flow
conditions of interest.

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, November 28, 1973,
501-24.
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APPENDIX A

SYMBOLS

area
primary nozzle exit area
local secondary flow area
speed of sound

Crocco number

discharge coefficient
skin friction coefficient

gross thrust coefficient

nozzle efficiency

velocity coefficient

primary nozzle exit diameter
stream thrust

complex stream function, eq. (9)

integrated skin friction force

ideal primary thrust based on actual weight flow

ideal secondary thrust based on actual weight flow

primary stream thrust
secondary stream thrust
parameter defined by eq. (34)
parameter defined by eq. (64)
parameter defined by eq. (20)
parameter defined by eq. (42)
parameter defined by eq. (43)
dimensionality

constant defined by eq. (29)
constant defined by eq. (30)
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Mach number

total pressure

static pressure

velocity ratioed to critical speed

Reynolds number based on primary nozzle diameter
Reynolds number based on equivalent length
entropy

surface area of body

surface area of shroud

total temperature

axial component of velocity ratioed to critical speed
radial component of velocity ratioed to critical speed
corrected weight flow, wy/T

weight flow

equivalent length, eq. (19)

axial distance ratioed to primary nozzle radius
radial distance ratioed to primary nozzle radius
complex coordinate, x + iy

primary nozzle lip angle

constant, 1.20 or 1.25

ratio of specific heats

displacement thickness

parameter defined by eq. (40)

momentum thickness

flow angle

parameter defined by eq. (7)

temperature ratio, eq. (45)

Mach angle

density

similarity parameter
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@ velocity ratio

Y stream function
w transformed velocity, eq. (8)
Subscripts:

a approach conditions
b body conditions

d discriminating streamline
€ exit conditions

i inviscid

id ideal conditions

j jet boundary

m match conditions

n local conditions

p primary conditions

S secondary flow conditions

sh shroud conditions

w wall conditions

p:4 conditions upstream of shock

Z conditions downstream of shock

0 reference conditions

I jet mixing of one stream with a quiescent stream

I two-stream mixing
Superscript:

* critical conditions
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APPENDIX B

DESCRIPTION OF INPUT
This section describes the loading of input data cards for running the computer pro-
gram. Care should be taken in loading because the input changes depending on the op-
tions chosen. Multiple cases can be run simply by stacking the cases in order. See
figures 5 and 6 for further explanation of geometric input quantities.

Card 1 - Title Card

Name Column Format Comment

TITLE 1-72 18A4 Any alphanumeric characteristics

Card 2 - Data Variables

Name Column Format Comment

WTFL 1-12 6E12.0 Secondary corrected weight flow ratio

HSHP 13-24 Initial estimate of secondary total-pressure
ratio

TOS 25-36 Secondary stream total temperature, K (OR)

GAMS 37-48 Ratio of specific heats for secondary stream

TOP 49-60 Primary stream total temperature, K (OR)

GAMP 61-72 Ratio of specific heats for primary stream

Card 3 - Data Variables

Name Column Format Comment

AMR 1-12 6E12.0 Match Mach number for starting the pri-
mary flow field calculation: set AMR =

1. 003 for plug nozzle configurations;
otherwise, set AMR = 1. 001
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Name Column Format Comment

ANGR 13-24 Primary nozzle conical lip angle, deg: set
ANGR = 0 for plane sonic line solution;
otherwise, ANGR < 0

RATIO 25-36 Primary nozzle radius ratio, fig. 5

XPRIM 37-48 Location of primary nozzle exit relative to
coordinate system of shroud contour
points, cm (in.)

DPRIM 49-60 Diameter of primary nozzle exit, cm (in.)

DSHD 61-72 Set NSHD =1 to calculate performance of
cylindrical shroud ejector with diameter
DSHD, cm (in.)

Card 4 - Data Variables

Name Column Format Comment

DBDY 1-12 6E12.0 Set CONA > 0 to calculate conical plug
nozzle geometry with half-cone angle of
CONA and diameter of DBDY in plane of
primary nozzle exit, cm (in.)

CONA 13-24 Half-angle of conical plug nozzle, deg

END 25-36 Location of nozzle exit relative to coordinate
system of shroud contour points, ¢m (in.)

REYPRM 37-48 Reynolds number based on primary nozzle
exit diameter
DELSHD(1) 49-60 Initial boundary layer displacement thick-
ness ratioed to primary nozzle exit radius,
5%
/Ry,
FDIM 61-72 Set FDIM = 0. 0 to calculate two-dimensional

flow; set FDIM = 1. 0 to calculate axisym-
metric flow
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Name

K1

K2

K3

K4

SOLVE

PRINT

Name

NDATA

NSHD

NBDY

NITER

Card 5 - Diagram Constants and Options

Column Format

1-12 6E12.0

13-24

25-36

37-48

49-60

61-72

Comment

Constant controlling initial expansion fan:
set K1 = 0. 0005

Constant controlling initial expansion fan:
set K2 = 0.1000

Constant controlling initial expansion fan:
set K3 = 1.000

Constant controlling insertion of additional
field points: set K4 = 0. 0500

Set SOLVE = 0.0 to calculate nonmixing
solution; set SOLVE = 1.0 to calculate
mixing solution recommended for
WTFL > 0.04; set SOLVE = 2.0 to cal-
culate impingement solution for
0 = WTFL < 0.04

Set PRINT = 0 for no printout of primary
flow field; set PRINT = 1.0 for printout
of primary flow field for final solution;
set PRINT = 2. 0 for printout primary
flow field for every iteration

Card 6 - Program Constants and Options

Column Format
1-6 816
7-12

13-18
19-24

Comment

Number of field points along sonic line: for
ANGR < 0 set NDATA = 21; for ANGR =0
set NDATA =8

Number of shroud contour points read as
input data

Number of centerbody contour points read
as input data

Number of iterations previously completed
for restart option
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Name Column Format Comment

IPLOT1 25-30 Parameter which controls plotting routines
IPNCH 31-36 Set IPNCH =0
IPRNT 37-42 Set IPRNT =0
ICOMP 43-48 Set ICOMP =0
Card 7 - NITER > 0
Name Column Format Comment
PTS(I) 1-12 6E12.0 Secondary total-pressure ratio (HSHP) at
the I'! iteration, where I = 1, NITER
AREA(I) 13-24 Minimum computed secondary flow area

ratio AS/Ag at the 1P iteration, for
SOLVE =0.0, 1.0, where I =1, NITER

WLEAK(I) 25-36 Computed leakage secondary weight flow
ratio at the I'" iteration for SOLVE = 2.0,
where I = 1, NITER

A restart option is provided in REJECT to iterate for the solution between the values
read on card 7. The values of PTS(I), AREA(I), and WLEAK(I) are printed out after
each iteration for the pumping characteristics.

Card 8+ - Shroud Geometry (for NSHD > 1)

Name Column Format Comment

XSHD(I) 6E12.0 Axial location of shroud coordinate point,
cm (in.)

YSHD(I) Radial location of shroud coordinate point,

where I = 1, NSHD, cm (in).

1The plotting routines have been deleted from the computer FORTRAN listings pub-
lished in this report.
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Name

XBDY(I)

YBDY(I)

Card 9+ - Plug Geometry (for NBDY > 0)

Column Format Comment

6E12.0 Axial location of plug coordinate point, cm
(in.)

Radial location of plug coordinate point,
where I = 1, NSHD, cm (in.)
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APPENDIX C

DESCRIPTION OF OUTPUT

A sample output listing is presented in appendix D for the solution of the flow in a
convergent-divergent conical flap ejector nozzle operating at a secondary weight flow
ratio of 0.10. A detailed comparison between the calculated and measured performance
of this ejector is presented in reference 11. The output was obtained by using the print
option which gives the minimum amount of output (PRINT = 0.0) because a complete
output would be both lengthy and repetitious.

The output presented on the title page summarizes the important input variables and
is self-explanatory. The second and third pages of the output listing present a table of
the dimensionless shroud courdinate points relative to the primary nozzle exit station,
along with the surface tangent and the surface angle. These variables are labeled as
follows: XSHD(I), YSHD(I), DYSDX(I), ANGLE(I). Since the calculations are always
performed in a coordinate system relative to the primary nozzle exit (i.e., XSHD(I) =
0.0 always represents this station), the spacing ratio can easily be changed by varying
XPRIM in the input data. The fourth page summarizes the condition calculated along the
jet boundary when the ejector is operating at the listed secondary corrected weight flow
ratio (WTFL) and secondary total pressure ratio (PTS/PTP). The parameters present-
ed on this page of the output are defined as follows:

XSLP axial position
YSLP radial location of jet boundary
AMP primary stream Mach number
THETA flow angle of jet boundary
P/PTP ratio of static to primary total pressure
AMS secondary stream Mach number
P/PTS ratio of static to secondary total pressure
AS/AS* ratio of secondary flow area to secondary critical area

In using the restart option in REJECT, the values of PTS(I), AREA(I), and
NLEAK(I) which are read in as input data correspond to the total-pressure ratio
PTS/PTP, minimum secondary area ratio AS/AS* | and leakage weight flow ratio
WLEAK(I) which are printed on this page of the output. The fifth page of the output list-
ing presents the results of the boundary layer calculation performed in REJECT when

the ejector is operating at the listed secondary weight flow ratio (WTFL), secondary
total-pressure ratio (PTS/PTP), primary nozzle Reynolds number (REYPRM), and
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corresponding secondary Reynolds number (REYSEC). The boundary layer calculations
along the shroud wall are based on the secondary flow conditions.

The displacement thickness (DELSHD) and momentum thickness (THETAS) are
normalized with respect to the primary nozzle exit radius, while the skin friction coef-
ficient (CFSHD) is based on secondary dynamic pressure.

The sixth page of the output listing presents the sonic line solution computed in
REJECT, while the seventh page summarizes the important performance parameters.
The eighth page of the output listing presents the relation between the nozzle pressure
ratio (PTP/P0) and the following nozzle parameters:

FGROSS gross stream thrust, (F - PeAe)/(PpAp)

FIP ideal thrust of primary nozzle
FIS ideal thrust of secondary stream
CVP gross thrust coefficient

Cv nozzle efficiency
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APPENDIX D

SAMPLE OUTPUT LISTING

PRIMARY NOZZLE EXIT DIAMETEKSs 1PRIM = 2,00000
PRIMARY WOZZLE EXIT MACH NOes AMR =  1,00100
PrIMARY NOZZLE LIP ANGLEe aANGR = =16,00000

PrIMARY NUZZLE RKAUTUS RATIUs YRATIU = 1.40000

LOCATION GF PRIMARY NOZZLbts XPRIM = e IoH60

#husdgR I TIoH EJECTOR NOZZLEs OSHU/ZODPRIM = 1.225s LSHD/OPRIM = 0,220% %4

EJeCTOUR LENGTH MEASURED FRUM PRIMARY NOZZLEs EMUD = 3,19992

PRIMARY NOZZLt KEYNOLDS NUMBEKs REYPRM = 4,000f+06

TOTAL TEMPERATUKRE OF SECONDARY FLOWs TOS = 560,000

RATIO OF SPECIFIC HEATS FUR SECONDARY FLOWs GAMS = ]1,40000

TOTAL TEMPERATURE OF PRIMAKY FLOUWs TOP = 560,000

RATIO uF SPECIFIC HEATS FUk PRIMARY FLOWs GAMP = 1.40000

FLow IN EJECTUR I> AXISYMMETRICs FUDIM = 1,0

NUMKER OF POINTS SPECIFING >HROUD CONTOURe NSHI) = 46

NUMBER OF PUINTS SPECIFING PLUG CONTOURes NBDY = 0O

NUdsEr OF PUINTS SPECIFING cNTERENCE CONUITIONSs NDATA =
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APPENDIX E

COMPUTER PROGRAM

PROGWAM CalCw (INHUf'UU[VUT-TAHtDzlNHUTQTAPEO=UUIDUT9TAPE7=UUTPUT)
FJECTOR NOZzLE CUMPUTER PROGRAM
ITNPUT PAnAAETERS

WTFL = ®ATIO OF SECUNDARY TO PRIMAKY CURRECTED WEIGHT FLOW
H3HP = RATIO OF SFCONDARY TO PRIMAKY TUTAL PRESSURE

TOS = TOTAL TFMPrRATUSE UF SECUNDAKRY FLOw

GAMS = RATIO OF CHR/CV OF SECyUNUANY FLUW

TOP = TOTAL TEMPEHATURE OF PrIMLNY FLOW

GaMP = RATIO OF CP/CV OF PRIMARY FLUW

AMR = INITLAL PRIMARY M4CH NUMBEK

ANGR = ANGLE OF PrlMaxy LIP (DEGREES)

YRATIO - PRIMARY NUZZLE RADIUS RKATLIU

APRIM = PRIMANRY FLUW STATION

OPRIM = ODIAMETER OF PrIMARY

DSHD = DIAMETER OF SHKOUU

NADY = DIAMETER OF HUUY AT PRIMARY FLUW STATIUN
CONA = CONE CENTEKBUDY ANGLE (DEGREES)

END = EJECTOR LenGTH

COMMAND PARAME TERS

SET FDIM = 0.0 FOR Twy UIMENSIUNAL FLOW

SET FOIM = 1.0 FUR AXISYMMETRIC FLOW

SET SOLVE = 0,0 FOR NUN=MIXInNG SOLUTION

SET SOLVE = 1.0 FOKk MIAING SOLUTION

SET SOLVE = 2.0 FOR ITAPINGEMENT SULUTIUN

SET PRINT = 0.0 FOR WU PRINT=0UT OF PWIMARY FLUW FIELD
SET PRINT = 1.0 FOx PriNT-UJT OF FINAL PRIMAKY FLOW FIELO
SET PRINT = 2,0 FUr PRINT=-UUT UF EVERY PRIMAKY FLOW FIELO
SET IPLOT = 0 FUr WU CALCUMP PLOT

SET IPLOT = | FUR CALCOMP FLOT UN EVERY SOLUFIUN

SET IPLOT = 2 FOwr CALCOMP PLUT ON FINAL SOLUTIUN

COMMON X{(29100) sY(2240D0) 9P (29100)sT(29100)

COMMON XbLP(IOO).YbLH(lUO)9A4P(IOU)9IHETA(100)oPHP(IOO),AMS(IOO)g

1 PS> (100)saSASS(LUU) »0aSUA(LUO) o ISLP

COMMON XIS{2Le26)9YIS5(21926) sW(21)2TaU(26) snSONICsNANGLE

COMMON XSONIC(26) «YSONIC(26) «FSUNICIZH) s THSUNIC(26) ¢ ISONIC

TOMMON xCOME(lOO\-YCONt(lﬂh).PCONF([UU)-TCONt(looleCONE

COMMUN XSHU C1UU) o YSHD(LU0) sDYSUX(LUO) s NSHD

COMMON XHDY(L00) s YBUY (1UU) sOYBUX(LU0) ¢NBDY

COMMON wTFL-HSHP-TUS'TOPohAMsvbAMPvFUNGsAMH-ANuRoAPRtF»ASSAPSv

XPQI%vYPR[M;APRIMoUPRIMvCFLvCVLnCONAvUbUYsDSHD-END:
PAMB e YRATIOsPIsCONVASCONVRIFUIMoNDATAsNSTUPS
SOLVE « CHOKE s CHANGE y CHARGE s TYPE 9 PUINT o STAG
COMMUN PTS(&blvAHEA(d%)vatAK(zb)9T]ILE(]&);N1[ER-TRY
COMMON/HNLYR/xbUM(IUO);YSUM(lOU)cuELhHU(lOU)-TH&TAS(lOO)-
CFSHD(10U) » XCNE (100) 9 YCNE (100) yUELCNE (1U0)  THETAC(100) »

2 CFCNE(IGU).REYPRM;POP-AUPoVOP,HEYSECvPUb¢AOSyVOSvPEX-XbCALE
COMMUN/PHFLR/XPKF(G)oYPRF(éndb),QPRF(bq85)qNVkr(b)yMAXqNMAA
COMMON/CVLUT/IFLOT9XSTAKTQYSTARTnASPvaYSPAN;SLALE!SPAN;AXISv
1 onGV~YowGN,xbﬁFTvaHFT-KKK(1~)cPP(lu)qxbuwN(AOOJ'YACRUS(IOOI
COMMON/ZOUTPiN/IPNCRe IR~iyT» ICJ 4P
REAL Kl oK24K33KagMaACH

(IR VI

FUNCTINN STATEMENTS

FUNM(G'PH)=SUHT((.U/(H-l.O)“(Ph*“(-(b-l.U)IGI-A.O))
FUNP(GoAM) = (104 (G=14a0) /2, U%AMBLI) 2% (=G/ (Gmleu) )
FUNQ(thM):SUHT((G-l.U)/Z.U*AM*AM/(I.O¢(G-l.u)/Z.O“AM*AM))
FUNW(G.V&L):SNHT(Z.Ol(h-l.u)“V:L*VtL/(l.O-VLL“VLL))

PROGHAM £ 1 CT

REAU {55 0U) (TLITLE (L) s I=19183)

IF (EOF «b)y Tev

STHw

CONT [NUE

HEAD (e 2) NP L a3 TUsenams e Turs GAMP



600131
000151
600171
000211
0060235
00255

000276
400310
660327
000345
000345
000345
000345
000345
000346
000347
000350
000351
000361
000364
060365
000367
000372
000374
p00375
000376
000377
000400
000401
000403
000404
000405
000407
000413
000424
000430
000432
000433
000435
000440
0004642
€00443
000445
000446
000450
000453
000455
000456
000461
000466
000467
000471
000473
000470
000512
000524
000527
000531
000535
000541
000546
000554
000562
000565
000567
000570
000574
00576
000600
000601
000603

500
202
504
506

10

12

14

REAU (59502) AMRJANGHRI YRATIO s APRIMsOPRIMeOSHU

READ (54572} VBDY+CUONAIENDIREYPRMSDELSHO (L) +FDIM

READ (54502} K1eKZ29K39K49SOLVEsPRINT

READ (5¢504) NDATAGNSHD9NBDY ¢NITERS IFLOT o IPNCHs IPRNT, ICOMP

IF (NITER o6T. 0) WKEAD (5+502) (PTS(I)sAREA{I) +WLEAK(I) o I=1+NITER)

IF (IPLOT .GT, 0) READ (59502) XSTARTsYSTART9XSPANsYSPANS
AXISeSCALE

IF (ICOMP .EQ,., 2) KEAD (5+506) XPRF (1) sXPRF (6)

IF (NSHD oGTe 1) READ (59502) (XSHD(I)sYSHO(I)s I=1sNSHD)

IF (NBDY GT. 0) READ (54502) (XBDY(I)sYBOY{I)s [=1sNBDY)

FORMAT (14xA4)

FORMAT (6E12.0)

FORMAT (n1I6)

FORMAT (2Elz.¥)

NSTOP=6

TRY=0.0

CASE =0.0

CHOKE=-1.0

IF (ICOMP JEQ., 0 JAND. NBOY 6T, 0) ICoMP=]

IF (ANGR «LTs 040) TRY=1,0

CALL START

IF (TRY .EQ. 0.,0) CALL DATUM

IF (IPLOT .6T. 0) PRINT=-1.0

NITER=1+NITER

IsLP=1

SKIP=0.0

TYPE=1.0

>TAG=0.0

IConNE=1

IF (WTFL «EQe 0e0) STAG=-1.0

CHANGE=0.0

CHARGE=0.0

IF (IPLOT .EQ. 1) CALL PLOTC

IF (IPLOT .EQ. 1) SKIP=1,0

IF (PRINT LEQe lo0 «ANDs CHOKE JNEe =140} SKIP=1.0

IF (PRINT .EQ, 2.0} SKIP=1.0

PTS(NITER) =HSHP

WLEAK(NITER)=0,0

CALL CLEAR(OQ.1)

ASSAPS=FUNG*WTFL/HSHP

XSLP(ISLP) =XPRIM

YSLP (ISLP)=YPRIM

AMS (ISLP)=0.,200

AMP (ISLP)=1.500

CALL FLOW(ISLP)

AREA (NITER)=ASASS(ISLP)

IF (POINT .EQG, =1,0) GO 7O 10

PAMB=PHP (ISLP)

IF (TRY EQ. 1.0) CALL SONICS

VEL=FUNQ{(GAMP s AMR)

DO 12 J=l,lo00

X{(leJ)=XPRIM

Y(loJ)=YPRIM

IF (J .EQ. 1) DELV=0.0

IF (J JEWe 2 OR, J +EQe 3) DELV=KLI#(]1,0+K2)%%#2/3,0

IF (J .GE. %) DELVZKI#(1,0+K2)#%(J=2)

IF (DELV +6T. K3) DELV=K3

VEL=VEL+DELV

MACH=FUNW (GAMPsVEL)

IF (MACH .GT. AMP(ISLP)) MACH=AMP(ISLP)

P(leJ)=FUNP(GAMPsMACH)

T(leJ)=PMER (AMR s ANGRsMACH s GAMP)

IF (J LEQ. 3) VEL=FUNU(GAMPsAMR)

IF (MACH LEQ. AMP(ISLP)) GO TO la

CONTINUE

CALL EXIT

IF (SKIP .EQ. 1le0) CALL OUTFLDUtL)

DO 22 I=2sNDATA

X{291)=XSONIC(])

Y(2y1)=YSONIC(])

P(2s1)=PSONIC(])

T(2+1)=TSONIC(I)
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40

000604
600610
0030612
000614
200615
000617
000621
060622
000624
500635
000637
000644
000646
G00655
000660
000673
000677
000702
000703
0007006
080710
330711
000712
G00714
000716
000717
000721
000723
000725
000727
000730
000732
000743
C00745
000752
000754
000763
000766
000774
001000
001003
001004
001006
00l01lo0
001013
001023
001033
001044
001045
061050
001061
001070
001077
001106
001111
001123
G0l1124
001135
001147
001150

020002
009002

[oNeKe!

16
18

20

24

26

30

32
34

38

40

IF (TRY .EQ. 1.0) CALL SONPT(I)

DO 16 J=2,100

IF (P(1sJ) JEQe 0.0) GO TO 18

CALL FIELD(Y)

CONTINUE

ISLP=1+1S5LP

CALL SLIP(Y)

CALL SLIO(W)

IF (SOLVE «EWQ. 2.0 «ANDs POINT LEQe —140) CALL BREAK(J)
IFf (5TAG JEQ. 2.0) GO TU 34

AREA (NITER) =AMINIL (AREA(NITER) s ASASS(ISLP))

CALL CLEAR(OsJ)

RADIUSSSURT (X (Le2) =X (ko l) ) ##2+ (Y (1a2)=Y(1sl))¥#2)
NSERT=RADIUS/K4

IF (I JEQ. NDATA LAND. NSERT .UE. 2) CALL INSERT(NSERT-1)
I[F (SKIP (EQ. 1.0) CaLL OUTFLD(1)

IF (ICOMP LEQ. 2) CALL PROFLE

IF (POINT «NE. 0.0) GO TO 34

CONTINUE

LSLP=ISLP+1

DO 32 JSLP=LSLP»100

CALL BOuUND(2)

DO 26 J=3,100

IF (P(lsJ) +EQe 0.0) GO TO 24

CALL FIELD(J)

CALL CHECK({JsSHOCK)

IF (SHOCK .EQ. 1,0) GO TO 30

CONTINUE

I[SLP=1+15LP

caLt SLIP(Y

CAaLt SLID(Y)

IF (SOLVE JEQ. 2.0 «ANDe POINT JEWQe =140) CALL HBREAK(J)
IF (STAG LEUQs 2.,0) GO TO 34
AREA(NITER) =AMINI (AREA(NITER) s ASASS(ISLP))

CALL CLEAR(Lls W)

RADIUS=SORT((X(1le2)~=X(1s1)) ##2+(Y(Lla2)=Y(Lol))*%2)
NSERT=RADI[US/K4

[F (NSERT .GE. 2) CALL INSERTINSERT=1)

IF (SKIP EQe leo0) CALL OQUTFLD(1)

IF (ICOMP LEQ, 2) CALL PROFLE

IFf (POINT NE. 0.0) GO TO 34

CONTINUE

IF (CASE .EQs le0) GO TO 38

IF (SOLVE «LE. 1,0) CALL ESTWMP

IF (SOLVE JEQ. 2.0 <AND. TYPE .EQ. 0.0) CHOKE=0,0
IF (SOLVE .EQ, 2.0 +AND. TYPE EWe 140) CALL ESTMW
IF (ICOMP .GT. 0 +AND. CHOKE otWQe 040) CALL COMP(K44SKIP)
CALL OQUTSLP

IF (IPLOT JEG. 1) CALL PLOTL

IF (IPLOT .EQs 1 +AND. CHOKE JNEe =le0) GO TU 40
IF (PRINT EQ. 0.0 +ANDs CHOKE «NEe -1.0) GO TO 40
IF (PRINT .EQ, 1.0 «ANDs CASE <fUe Lle0) GO TO 38
IF (PRINT .EQ. 2,0 «AND. CHOKE oNEe =1.0) GO TO 490
IF (CHOKE JNE. =1.0) CASE=1.0

IF (CASE .EQe le0 JAND. IPLOT EQ. 2) IPLOT=1

GO TO 10

IF (ICOMP .GT. 0 +AND. PRINT LEQ. 0.0) CALL COMP(K4&4sSKIP)
IF (CASE .EQe 140 JAND. TPLOT EQ. 1) CALL PLOUTL
GO TO S

SUBROUTINE START
CALCULATION OF PERTINENT EJECTOR PARAMERTERS

COMMUN X (2+100) oY (29100) P (24100)9T(2+100)
COMMON XSLP(100) «YSLP(L100) sAMP(LOU) o THETA(LIU0) +PHP(100) 9AMS(100)



30000¢
wu0002
Go000e
fooduue
¢30002
JuQ0ue

5000062
200002

360002
¢ogooz

Gu0033

560051
L00051
330051
600051
000051
000051
520051

000051
¢00051
000051
0030>1

000051
yd0051

3C0051
500051
300051

o005l
00051
GU00u1

560051
000051

Co005l
J00051

300051
000053
GG0055
000067
660075
3060103
000111
c00117
560125
dudl3>
w0143
(00151
60157
600l6o
560173
J002ui

OO0

OO0

1 SHASCLO0) v ASASS(LO0) s)asuACLU) o LSLF

COIMMU XIS (21 e70)aY ]S (2lel6) ew( i) s lau(Zo) enun]CeNANGLE
COMMON X9INTC(20) o YIUNTLC(26) 4 #2000 {cn) o TH0N[LL{20) o ISUNIC
COMHAON XCUNF (100 e YCUAE (LOU) ot CUws (L0 o TCONE (10U o ICONE
COMMAON X5 ) (L0 a Yo (L0J) «JrsuACLLY) siidHL

COMMON XBEOY (10O oYY (LUD) 9 Drrua (LUD) s}y

CUMAUN WTFL ersrr e TUss [UFehAsUalFatf UNGe AN KA ANUR S APHEF s ASSAP S,

1 AP [Me YRR ][ Ag A [MedPHTAICFLICVLaCONACDIUY s)SHDWEND
2 PAASeYRAT[UerP ] sCUNVASCUNVREDIMaNDATAuSTUR Y
3 SULVF e CHURF o CHANGE ¢ CHAFGE « TYPE s POINT ST AL

COMMON HTS(Z9) sawrh(2o) s WlLEAR (29 s TITLE (LR siv] TERsTRY

COMMON/SNL YR/ X9Um (LU0) ¢ Y3UMILUUY sDELSHU(ID0) s THETAS(L00)

1 CFSHA)(L00) o ACHE (L0 s vCiNt (4V0) sDELCNECLUO) « THETAC(LI0U) o

2 CEONF(100) sHEYPRMyPUFP s AUP s VUP s REYSEC USR0S s VOSsPE X e XSCALF
REAL KlsK?

FUNA(GeAMI S ((6+]1,0G) /2,00 8% (= (G+L,0) /(2.0%(G=1.U))) %L1, 0/AM%(1,0+

1 (=1 aN) /2 ) HAMEAA) #H ((L+1a0) /(2.0%(0=140)))
FHRAMIG)Y=SURT (G ((G+1.0) /2, 0)8#(=(G+1,0)/(2.0%(o=140)))

FORMAT STATEMFEWTS

n00 FORMAT (LHle//2 04 BA0)

602 FORMAT (//35Xe 39HPrIMarY wOZ/te EXIT MACH NOLe AM< SF9,9)

607 FORMAT (/7358 « iTHPIMARY NUOZZLE EALIT UIAMETENRS UPHRIM =F3,.5)

0OR FORMAT (//35Xed0HPRIMARY WUZZLE LIF AnoLE s AnGr =F10,5)

610 FORMAT (//35Xx«43HNIAMETES OF Tre CYCLINURICAL >AR0UDs DSHD =F%.5)

611 FORMAT (//35X¢35AL0CATIUN OF PrRIMARY WNOZZEEs XPRIM =F1045)

612 FORMAT (//35X¢50HE JECTUR LENGTR MEASURED FRUM PRIMARY NOZZLEs END
DiEH<a,

613 FORMAT (//35Xe47HPrIMary NOZZLE RADIUS RATIO» YRATIO =FH.5)

H15 FORMAT (//35XKs40RPRIMARY NOZZLE REYNULDS NUMpirs REYPRM =£10,3)

616 FORMAT (//35XKsaznTOTAL TEMPERATURE OF SECONDAKY FLOWs TOS =F9Y,3)

617 FORMAT (//35XeS0HRATIO OF SPECIFIC HEATS FOR SECUNDARY FLOWs GAMS
1=FB.5)

ald FORMAT (//39Xx«a0HTOUTAL TeEMPERATURE OF PRIMARY FLOWs TOP =F9,.3)

619 FORMAT (//35XKe484rATIO OF SPECIFIC ncATS FUR PRIMAKRY FLOWs GaMP =F
18.5)

620 FORMAT (//35A«a0HFLOW IN EJECTUR 1S TwU DIMENSLIONALS FDIM = 0.0)

0272 FORMAT (//3oXeaddbLuw IN FJUECTOR IS5 AXISYMMETKICs FUIM = 1,0)

624 FORMAT (/735X e891qNUMHER UF POINTS SPeCIFING SHROUD CONTOURs NSHD =

113)

626 FORMAT (//35X.47ANUMHBER OF PUINTS SPECIFING PLUG CONTOURs NBDY =13
1)

A28 FORMAT (//35A+SUHNUMHBER OF POINTS SPECIFING PLUG CONTOURs NBDY = 4
15

030 FORMAT (//35X9560NUMBER OF PUOINTS SPECIFING ENTERENCE CONDITIUNSS
INDATA =13)

632 FORMAT (lH1e//51A&929H5HR0OUD CONTOUR SPECIFICATIONS//)

634 FORMAT (19Xe3H] =I13¢0A49HXSHU(L) =F9.5¢4Xs9HYSHU(T) =F8.5+4Xy
110HOYSDX (L) =F9.oeaXxelUrdanNGLE(L) =F9.4)

636 FORMAT (1HLe//52Xe27HPLUG CONTOUR SPECIFICATIONS//)

638 FORMAT (L9Xe3H] =T3¢4 Ao 9HABOY(I) SF34994Xe9HYBUY(]) =FB.s5¢4Xs
110HDYBDX (1) =FJeSeaXs [OHANGLE (1) =FY.4)

SUBRUOUTINE START

END=ENU=-XPRIM

IF (ANGR 406T. Ue0) ANGR=0,0
WRITE (69600) (TITLE(I)s[=1918)
WRITE (Ae607) UPRIM

HRITE (RebH(2) AMK

WRITE (69A0H) ANGR

wWwrITE (Aenl3) YRATIO

HARITE (HeAll) XPwIM

IF (usSH) 0. 1) whITE (6e613) uSHU
WRITE (Hsbl?) END

W=ITE (Hahl5) REYPRM

wRITE (6enlb) TOS

WRITE (oenl /) (GaMs

WwrRITE (be618) Tur

ARITE (Hahl9I) GARP

IF (FOIM JEQ. 0.0) WRITE (H69620)
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42

g00206
goo2le
000222
000232
009240
000246
600247
vv25l
000252
000254
000255
000257
000260
000263
000266
000270
060274
000277
000301
000303
060307
¢00310
00031a
000316
000320
000323
000340
000343
000343
000351
000354
000360
000361
000363
000367
000372
000374
060377
000400
000404
0060406
060410
000413
000430
000433
000433
00044l
Q004us
000445
3004590
000465
330467
C0Q4a7e
600501
600503
000506
000510
000511
600512

000002
600002

OO0

12
14

16

i8

22

IF (FDIM L EQ. 1.0) WKITE (69622)

WRITE (6¢624) NSHD

IF (ABS(CONA) «EQe 0.0) WrITE (6+626) NBDY
IF (ABS(CONA) .GTe 0.0) WRITE (6+628)
WRITE (646301 NDATA

LCHK=645

PI=3.1415927

CONVR=0,01745329

CONVA=1,0/CONVR

ANGR=CONVR¥*ANGR

DPREF=DPKRIM

YPRIM=]1,0

IF (NSHD JEWs 1) ASHU{1)=0.0

IF (NSHD JEQe 1)} YSHD(1)=0SHL/Z.0

D0 10 I=1enNSHD
KSHD(I)=2,0# (XSHD (1) =XPRIM) Z/OPREF
YSHO(I)=2.0%YSHD(I) /DPREF

CONTINUE

IF (NSHD JLE. 1) GO TO 14

CALL SPLINE(XSHDsYSHD+NSHDsDYSDXsD2FUXZ)
LINE=0

ARITE (69632)

00 12 I=1¢NSHD

LINE=1+LINE

ANGLE=CONVA#ATAN(DYSDX (1))

WRITE (69634) ToXSHD(1)sYSHUCI) sUYSOX(I) s ANGLE
IF (LINE .LT. LCHK) GO TO 12

LINE=O

IF (I +LT. NSHD) WRITE (6,632)

CONT INUE

IF (ABS(CONA) oGTe. 0.0) CALL CONE

IF (NBOY .EQ. 0) GO Tu 2¢

D0 16 I=1eNBDY

XBDY () =2, 0% (XBAY(])=-XPRIM) /UPREF
Y8DY{(1)=2,0#Y80Y (1) /DPREF

CONTINUE

CALL SPLINE(XHDY«YBUDYsNBDY+DYBUKeD2FUX2)
LINE=0

WRITE (64636}

VY 18 I=1sNS8DY

LINE=1+LINE

ANGLE=CONVA®ATAN(DYBOX (1))

WRITE (6963%) TexOY{I)sYRBDY (I} sUYBUA(I) »ANGLE
IF (LINE LLT. LCHK)Y GU TO 18

LINE=0

IF (I LT NBDY) WKITE (bs6306)

CONTINUE

APRIM=0,0

CALL FIND(XPRIMeYBODYsSLOPEsL.U)

APRIM= (YPRIM+YBODY) # (YPRIM=YHOUY) ##FDIM#COS (ATAN(SLOPE))
END=2, Q#END/DPKEF

APREF=FUNA (GAMP s AMR)
FUNG=FGAM (GAMP) /FGAM (GAMS)
XSCALE=DPRIM/ 24,0

IF (DPRIM LEQs 2.0) ASCALE=6.,0/244.0
CFL=1.0

cvL=1,0

RETURN

ENO

SUBROUTINE DATUM
CALCULATION OF ENTERING FLOW CUNUITIONS

COMMON X{2s100)sY(241030)9P(25100)T(2+100)

COMMON XSLP(100) 3 YSLP(100)sAMP(L00) s THETA(L00) sPHP(100) »AMS (100},

PHS(100) +ASASS(100) 2DASUX(LU0) 4 ISLP



36G0uce
00000¢
200002
50900v¢
{0Y0ue
§Go0ue

¢oooue
0000ue

c6Qo0e
000002
Jgooue
00001e
300031
0u0045
000065

00106
cooleo
500133
gu0lal

300141
000142
0001+45
000146
200147
009152
0G0155
060161
600l6c
000163
30Gl67
0Ccol7l
Gool7e2
200175
3060200
3Go2vua
600211
660214
000217
caozes
¢0022b
000227
560233
360235
600240
000242
20024«
(00250
330252
(33253
000255
300260
Qud264
0060272
060275
393304
503310
Jud3ll
3¢0316
suu3el
22035
539332
200336
LU0 340

[eNeNe]

n00

10

COMMON
COMMON
COMMIN
COMMUN
COMMON
COMMYON

1

3
COMMON

X[H(Blc(b)leb(?lv{b)ow(cl)ofau(Zﬁ)oNbONICnNANGLt
AhUJIC((b)anUﬂlC(ﬁb)nPDUNlC(ﬁh)yTSUHICle);ISONlC
XCONF(100)-YCUNE(IOU)~“LUNt(lDO)vTCONt(100]vICONE

XA (100 «YSHD (LU0} sDYSUX CLUD) s NSHD

(DY CLOG) « YRDY CLO0Y oD YBORCLU0Y o NRDY
Mf?LnHSHPvTUD-lUpnﬁAMS-bAMVOFthcAMH-ANU&;APREF»A&SAP)q
XPNIWyVVHIM.APRanUPRIMvCFLvCVLoCONunUhuYnDbHUoENUv
PAMdeHATIUyPI9CUNVA;CONVH;FUIM9NDATAqNbTUPy
SULVE'CHUKLoCHANu:sCanuL-TYPLaPUINT.:Tuu
P]S(Bﬁ)9AKEA(&7);WLtAK(db).T[lLt(lM)-NI[ﬁRoTRY

COMMON/HNLYH/XSUM(&DUIcYSUM(lUU)nUELDHU(lUU)-TﬁETAS(lOO)-

1
2
DIMENST

CFSHD([OU)-KCNE([UO)vYCNt(lOU)yUtLCNEllUU)-THtTAC(lUU)~
CFCNF(IOU)vKEYHRMoPOPvAUP.VOPvKEYSECvPUDoAHb-VO&qPFKOXSCALF
ON D(2) e AMB(21)

REAL MuaVvE
FUNMUCAM) =ASTIN(L,0/7AM)

FUNM{G
FUNP (Ga
FiONG (O
FUNR (s

FUNT (G

Oﬁl=SQHT(#.0/(H—1.0)*(PH**(-(u—l.U)/h)—l.U))
AM):(1.0‘(6—1.0)/d.O“AM*AW)““(-b/(b-l.U))
AM)=SURT(AM*AM/(1.00(G-l.u)/(6*1.0)“(AM*AM-1.U)))
MY =SURT (L (L e0=(5=1,0)/(G+1e0))®GRA)/
(Lou=(6=1,0)7Cs+1,0)#*3%Q))
AM)=(l.U*(G-l.U)/?.O*AM“AM)““(—1.0)

FUNU(TEMP)=2.?7”JE.I7¢TtMP“*l.b/(l9H-b*TEMPl*l.E-8

AVE (X1
FORMAT

X2)=(XK1+X2) /2.0
(1Hle//28Ke12A069//77)

SUBROUTINE OATUM

XP=0.0

DIV=NDATA=-1

ISONIC=
NANGLE=

CALL FI
VELY=(1

NUATA

NOATA
ND(XPoYPsOYPOXRs1e0)
JO0=YPY/DIV

ANGLE=ARS (ATAN(DYFDX))

ICONE=1
XREF=0.

0

TCNE=ARSS (ATAN(DYPDX) )

DeELCNEL

JCONE) =040

IF (REYPKM +EQe 040) GO TO 6
TP=TUP®FUNT (GAMP 4 AMK)
AP=49.,0245GrRT(TP)

VP=2, 0% AP /REYPRM#XSCALE *AMK
PR=%3,3#TP*FUNUILTP) /VP
POP=PP/FUNP (GAMP « AMR)

ANP=4Y,
vOP=53,

02%#SQRT(TUP)
IETOP#FUNU{TORP) /POP

IF (ANGLE «EG. UL.0) 6O Tu &

YCONE (I

CUNE) =YF

PCONE(ICUVE):FUNQ(&AMP-AMR)
CALL CNLYR(DDSDX)

YRz YP+DELCNE (LTCUNE)
DYPUX=DYRIX+DLUSVX
XREF=XP=YP/YRDA

ANGLE=ABS (ATAN(OYFPDX) )

uo 16 1

=1 +NDATA

XSONIC(1)=0.0

YSONIC (1) =1.0

PSONIC (1) =FUNP (GAMP s AMR)
TSONIC{I)=ATAN(UDYPDX)

AMG (1) =FUNM(GAMP«PSONIC(I))

CONT INUE

IF (FDIM .EQ. 0.0 4ORs NBUDY LEWe U) 6O TO 12
Q2=F UNRQ (GAMP ¢ AMR)

UP=QP#COS(ANGLE)

VRzRP#STIN(ANGLED

vupP=-1,

0/TAN(ANGLE)

CALL CONIC(XHFFvYSUNlC(l)nUPqVPonPvuAMP)
(P=SURT (UR#UP+VP#VP)

AdQ (1) FUNR(GAMP ¢ QF)

PSONIC (1) =FUNP (GaMPea4R 1))
TSONIC (1Y ==aTAN(VP/UP)

43



SL034s
PV
Svl3a7
5ud351
aud352
cB3355
200355
G036
230367
200373
233370
(Cga0l
[ERAVETRVEN
530410
C0Q4is
030ace
203426
CJ0434
Go0437
[N 4
C00453
Cloane
GuQaoT
000407
4Goa7l
300474
40uaTo
200501
G050«
060514
500529

300530
300533
030541
00544
J00547
000552
000557
000560

0a00de
000002

ca0002
Go900¢
Gud002
200002
000002
300002

03000¢
360002

00000¢e
000023
(opo037
000053
000073
coolle

44

[eNoNe!

16

1
14

w N~

ANGR=TSONIC(])

)0 1ms I=2«NDATA

IF (1 «Ed. NpaTA)y 60 TO Le

XSONIC(I)=ASONIC([~1)

YSUNIC(T)=YSONIC(I=-1)~DELY

IVUDX=0,0

[F (XREF 0T 0e0) DYQOX=-YSUNIC (I} /AREF

[F (FDIM LE0s Q40 JORe NADY LEWe 0) 6O TU L4

DR =FUNQ (GAMP s AMK)

UP=QRRCOS (ANGLE)

VPR eSIN{ANGLE )

Vur==1,0/TaN(aNGLE)

CaLL CONIC(KHEF,YSUNIC(I)vUPqVPcVUP9UAMP)

NPESURT (UP#UP+VIP#YP)

A (L) =FUNR (GAMP 4 0P)

PSONTC (I =FUNP (LGAMP s AMG (L))

TSONIC(I)==ATAN(VF/UP)

TAVE=AVEATSONIC(I) o« TSONIC(I=-1))

MUAVE =AVE (FUNMU (aMU (1)) o FUNMU (AMW(I~1)))

DA{2)=TAN(TAVE~MUAVE)

xbUN[C(I):(YbUNIC(l—l)—YbONIC(I)~U(EJ“X50NIC(I-1))/(UYQUX-U(Z))

YSOV[C(I)=Y50NIU(I-1)40(8)ﬁ(x:UNIC(I)—XSUNIC(I-l))

GO TN 1R

XSONIC(I) =X5ONIC(I-1)

CatLt FINU(KSOMIC(I)vV:ONlC(I)oUYuUKvl.O)

DYQUX=0DYWDXeDLSDX

YSONIC(I)=YSONIC(TI)+UELCNE (ICONE)

TAVE=AVE (TSONIC() o TSONIC(I=1))

MUAVE=AVE (FUNMUCAMQ (1)) s FUNMUCAMQ(T=1)))

DI2Y=TAN(TAVE~MUALVE)

xSONIC(I):(YbuNIC(I-l)-YSONIC(I)—u(Z)*xSONIC(I-l)0DYQDX”XSONIC(I))
Z(LYUUX=-D(2))

CONTINUE

XCONE (ICUNE) =xSONICINDATA) ~DELCNE (FCONE ) #SIN(TCNE )

CALL FTND(XCONE (ICONE) « YCUNE (TCONE) s UYPDXs14.0)

PCONE (ICONE)}Y=PSUNIC(NUATA)

TCONE (ICONE) =ATAN(OYPUX)

AMREFUNM{GAMP . PSONIC (1))

RETUWN

END

SUBKOUTINFE SONICS
CONSTRUCTTON OF JSUCLUINES FUR PRIMARY FLOW FlELD

COMMUN X (25 100)9Y(25100)+P(24100)+T(24100)

COMMON X5L9(100)anLP(lOU)9AMP(100)vTHETA(KUU)vPHP(lOO)yAMS(lOO)o
PHS(100) 9 ASASS(LU0) 90ASUALL00) s ISLP

CUMMON K(b(?l-?b)9YI§(219?b)nW(?A)!TAU(Zb)ONbONIC-NANGLE

CoMMUN XSUNIC(ZD)9Y50NIC(£b)-PbONIC(Cb)sTSONIC(dO)OISONXC

COMMON KCUNF(IOO);YCON&([OU)-PCONC(IJO)9TCUNt(100)yICONE

COMMUN X5+ (100 «YSHD {IUU) sOYSUX(LU0) s NSHU

COMMON X5DY (1001 2 YHOY (L00) sUYSUX(L100) o NBDY

COMMON WTFL-HSHPqTUbvTUH;hAHS;bAMHvFUNboAMRqANbRoAPHEFgASSAPb;
X”RIM;YPHIMAAPHIMQUPR[MvLFLvCVLcCONAQUbUV9”5HU$ENU'
PAWHQYRATIU:PI9CUNVA9CUNVH'FUIM’NUATA!NDTOP,
SOLVE s CHUKE s CHANGE ¢ CHUROE s TYFE «ROINT 9 5TAG

COMMUN PTS(25) s AREA(25) sal FAK (25) s TITLE (M) sl 1ERsTRY

REAL MATCHeMAMBE ¢ MAPRCH

FUNM(th)::NHT(K.U/(b*l.O)”V*V/(l.O-(G-l.O)/(b‘l.U)“V“V))

FUNP(G.AM)=(l.0‘(G-l.U)/Z.O*AM*AM)*“(—G/(G-I.U)l

FUNR(GsA%l=(1.0‘(H-l.U)/Z.O*AM*AM)“*(—l.0/(6-1.0))

FUNQ(GQUJ=DURT((n*l.U)/lU—l.O)“(l.U-PG*((6-1.0)/“)))

FUNV(GoﬂW)=SUPT((G‘l.U)/Z.U*AW*AM/(1.0‘(6-1.0)/£.O“AM*AM))

OMEGA(VnAM):ALOG(?.U*V*AWIDQHT(l.O-AA*AM)/(l.U*buHT(l.UOV*V“
AM#aM/ (| Ju=-aM¥%am))))



Mvulay
vidlen

2201w6
00147
0010
030151
350153
J001o4
030157
Juuleuy
00164
(00171
500175
y00201
300203
Goo2us
0i02vo
sioz207
00v2le
so0217
300220
sgQ022e
309226
000234
300237
60024l
{00245
000246
Co0es3
000254
000257
000262
000264
$30266
000273
0060300
600303
030300
600305
200311
000312
000313
200315
220316
000320
€00323
000330
000332
000343
0003406
030351
$00353
130355
030356
€00360
300362
360365
S%0371
$o037«
266377
c00a02
000413
000422
030425
300435
000437
000443
Sulduoa

[eNeXe!

530 FORMAT (lAla//e0xeeBnudABLE TO OsTALIN CONVERGENCE IN SUBROUTINE 50

10

12

la

16
18

20

AvE (AL X2Y={AL*X2) /2
tlCrss /27
SUHROUTTHF SONICS

NMAX=2hH

IHNER=]

NSONIC=21

WTFL#=0,8"

NANGLE=NDATA

ANGLFSCONVA%ARS (ANGK)

ERROr=0,9201

MATCH=U ., 99-0.001% (ANGLE=L1G0)
VMATCH=F UNV (GAMP ¢« MATCH)
VAME=F JNU (GAMP 9P aME)

MAMH=F UNM(RAMP s VAME)
VIMAX=VAMS/VMATCH

INNER=]1 ¢ INNER

ITER=0

VELAPK=D,.20
RHOVEL=WTFLW/(YRATIO%*YRATIO®#FDIM)
ITER=L1+ITFR

VAPRCH=VELAPR

VELSTR=VAPRCH#VMATCH
MAPRCH=FUNM(GAMP ¢ VELSTR)
VELAPRZRHOVEL#FUNR (GAMP s MATCH) /F UNKR (GAMP s MARKCH)
TEST=ABS (VELAPKR=VAPRCH])

IF (ITER +LTe 251 06U TO 14

WRITE (69600)

caLL EXIT

IF (TEST .65Te ERROR#VELAPR) GO TOo 12
VMIN=0,750

[F (NANGLFE oGT. NMAX) NANGLE=NMAX

IF (NANGLE oLEs NSTOP) NANGLE=L1+NSTOH
ANOA=NANGLE=NSTOP

XKNOW=NSONIC-1

WJISOMEGA (VMAX «MAT(CH)
DELW=wWJ-OMEGA(VELAPRIMATCH)
DELV=(VMAX=VMIN) /XNOW

XIS(ls1)=0.0

YIS{ls13=1,0

W{l)=OMEGA{VMAXeMATCH)

TAU (L) =ANGR

ALPHAZARS (ANOR)

DT=ALPHA/ XNOA

DO le I=2+N50NIC

VRATIO=VRATIO=-0ELV

IF (VRATIO JLTe 1.0} VRATIO=L.0
W(I)=OMEGA(VRATIOsMATCH)
DW=w(I)=-w(l=-1)

caLL DZDAUY (WD) swJdsALPHASTAUC(L) o DELWIDWIU 0 rDASIDYS)
KIS(Ial3=XIS(I=141) +0AS
YIS(Is1)=YIS(I-Lel)+DYS

IF (VRATIO LEQ. 10) 60 TO 19
CONTINUE

WTFLw=0.0

NCHNGE=SNANGLE-NSTOUP

D0 20 J=Z2enNANGLE

IF (J +LE. NCHNGE) UOT=0T

IF (J 6T NCHNGE) LI=DT/2e0

IF (J JFW. NANGLF) DT==Tau(J-1)
TAUCIY =TAU(J=1) +DT
AVETAUSAVF(TAUC(Y) s TAULJ=1))

CaLL DZDXQY(W(I)9WJ¢ALPHA5TAU(J)auEvaU.OuuToUASqOYS)
XIS(I o) =XIS{IeJ=1)+UAS
YIS(IvJY=YIS(Ied=1)+DYS
ATFLA=WTFLA+ (DYS%COS (AVETAUY =DAS*SIN(AVETAU))
CONTINUE

SCALE=1.0=YIS(IsD)
WTFLw=—-wTFLw/3CaLE
TE>T=Aﬁ5(~HOVEL—w1fLw/(YwATIu*YﬂuflvﬁéFulM))

45



46

RV 31
lldann
Tounnl
Tudenl
ZuluTu
tn0e71
J0aete
L3674
330501
200303
Cudolu
16092v
C005¢3
390525
CG0oe27
Gugs3o
Cous3e
669541
J3G055¢
uid562
360565
300571
320574
000576
SudsS77
300601
300603
V00600
C00610
Qu0e6ll

300003
0060003

400003
060003
660003
¢00003
00003
000003

600003
cG0003
500003

600003

U003

200003
(00004
(Ga00s
Jag0u7
¢00011
560013
200ue7
30030
000032
530036

OO

o

26
°3

600
~O2

U4

10
17

IF (IMaFr LT, ¢9) GU Tu 22
vITe (henDD)
CaLt £xlT7

IF {TEST o6T. ERrOR*FRHOVEL)Y GO TO HU

vraTlu=sveak

UQ 24 T=2+N50NIC

VAT [O=v=ATIO=-DELY

N(I)=O0MFGa(VvRATI0O«MATCH)

UY=w () =w([=-1)

CaLl wZDAIY (w(L) sWJsALPHASTAUCL) sDELW2sDWIQ, 0o UKSsDYS)

Al (s 1)=X]S(I=-1s 1) +0XKS/5CALE

YIS(Iel)=YIs(I=Le1)+DYS/SCALE

CONT INUE

1) 273 I=1eNSUNIC

DU 26 J=2 W NANGLE

DT=TAau(N =Tavid~-1)

IF (1 +5de 1 JANUe J oEWe NANGLE) GO Tu 25

Catl DZDXDY AW (L) sWJsuLPHASTAU(J) sOEL WD 00T yUASIDYS)
KIS(TaJY=XIS(Ied=1)+UXS/SCALE

YIS{I eV SYIS(Ted=1)+DYS/SCALE

IF (J «8WQ@. NANGLE) YIS(IsJ)=U.U

CONTINUE

CONT INUE

ISON[C=1

XSONIC(ISONIC) =XPRIM

YSONIC(ISONIC)=YPRIM

PSUNIC(ISONIC) =FUNP (GAME 4 AMR)

TSONICCISONIC) =Tau(ISUNIC)

RETURN

END

SUHBRUOUTTNE SOMPT (K)

CONSTRUCTION OF SUNIC PUINT

COMMON X(@leU)vY(ZvldO)1P(2!100)!I(d,100)

COMMON KSLP(IOU)onLV(lUU);AMP(lUO)’THETA(lOO)OPHP(IOU)QAMS(IOU)y
1 PHS(L00) »aSa55(100) sDASUA(L00) o ISLP

COMMUN xIsiZI-?b)-YI:(?loeb)yw(Pl)oTAU(Zb)vaUNICsNANGLE
COMMNON x>0NIC(£h)-YSUNIC(eh).PSONIC(40)~TSUNIC(£0)’ISUNIC
COMMUN XCUNE(100)yYCUNEllou).PCON&(ICO)gTCONL(loo)oICONL
COMMON XSHD (L00) » YSHO (LU} sOYSUX(L0U0) s NSHD

COMMON XBOY (L0U) « YHOY (LU0} sOYHUX(L100) o NBDY

COMMON dTFL!HbHPvTUSvfUthAMbouAMPoFUNGoAMR:ANbR’APREFQASSAPSv
1 XPQIMQYPRIM'APH’IMvUPRlMvCFL!CVLOCONAyUbUYQl)SHDOENUO
2 PAMBaYRAT [(9P]1aCUNVASCUNVRFOIMINDATASNSTOP s

3 SULVE’CHUKE1CﬁAﬁbEOCHAWGtGTYPEoPUINT!bTAG

COMMON 9T5(25)vA~EA(35)-wLEAn<Zb)-TITLE(la)-NITEH.TRY
DIMENSION C(lb)s0)(6)yaNG(2)

FORMAT (1H14//40Ks43HUNAGLE [0 UnTAIN CONVERGENCE IN SUBROUTINE SO
INPT//77)

FORMAT (BXs6HITEX =I3+4Xe8HX(241) FFH.00uXsAHY (29]) =FH,5e4Ky
IBAP(241) =FR.544xe8HT (241} SF8ebe4XsHTEST =1kE12,.5)

FORMAT (1H1+//80Xv4THUNAHLE TO OXTAIN A SULUTIUN IN SUBROUTINE SOM
1PTs7/77)

SUBKOUTINE SONPT

ITER=0

ERRUR=0,.G001
D0 1Jd U=1+i00

IF (»(1l

eJ) JEQe Ula0) 6O TO 12

Catl FONICS(KedsaNG(2))

FE (0 o6Te 1 JAND. ANG(Z) «BEe T(294)) GO TO 1a
ANG (1) =aNG(2)

CONTINUE

ARITE (heb0o)

CALL QUTSLP



SG30s7
Jod04u
L5001
By
Gudley
{uo0eT
109051
292053
300055
50000V
Gu00h2
330065
200067
009070
cooo7e
SU0074
000075
200077
¢o00101
9001u3
300112
§30116
550120
600123
000130
000134
$03140
G014
200147
Guols3l
c00164
G00l171
nooL73
000170
Jogz202
000207
000227
600234
000240
0060241
300243
€00245
¢00246
000250
0023251

500000
320006

300000
JUd00ob
0069006
C0000o
J000Ub
300006

30Q0vo
0G00Ub
Gug00e6
J09006
G000cu
$u004l

[eNeNe]

la

ld
20

22

24

1

N

CaLt OUTsNP

CaLt EXIT

[=0

JAIn=J=-1

DO 1A J=zlel00

IF (P{lsJ) LEQ. V0) GO TO 20

IF (J LT UMIN) GU T b

I=1+1

X{lel)=x(leJ)

YileD)=v{LeJ)

P{lsl)=Pr{lsd}

T{lsT1)=Tls )

IF (1 FQe J)Y GU Tu IH

A{lsJ)=0.0

Y{leJ)=0a0

PlleJ)=0.0

T(leJ)=0.0

CONT INUE

[TER=L«ITER

CALL COAVE(XAVE s YAVE e AVE « TAVE s Lo fols2)
CallL COEFF{AAVEsYAVE e AVE s TAVE s CeGAME)
LY =C(D)

ND(3)=1,0/7(C(3)1#C(5)%C(7))
US)=FOTmMuC(yry#C L1 Z7{C L 4 #C (15 )
OXDA=(X(Lal)=X(la2)) /7 {anG(l)=aANG(2))
DTNA=(T (Lo l)=T(Le2)) /{ARG(]l) =anL{(2))
K(Lol)=X(Le2)+DXJAY ([ (29 ])-AnG(2))
Y(CLal)=x(1e2)+D{ )% (X (Lo t)=XK{Ls2))
Tl D)=V {Le2)+uTua (T (24l )—anG(2))
Pllo )= ({3 HE(1e2)~(TlLal)=TC(Le21)=U(S)1# (Y (Lsl)=Y(Ls2)))/D(])
IF (Pllel) (GTe PSONICUISUNICY) GO Tu 12
Cabl FUNICS(KsLsaNG(L))
TEST=AAS(T (241} =aNG(1))

IF (ITER 4LTe aB) GO TO 22

IF (ITER LEQ. 45) wRITE (64600)

WRITE (6e602) ITEHeX (2ol oY {291 )aP(291)aANG(L) s TEST
IF (ITER EQe 990y CALL EXIT

IF (TEST «6T. ERROK)Y 6O TO 20
ISONIC=1+ISONIC

XSONIC(ISUNIC)I=X(Zs 1)
Y30ONIC(ISONICY=Y (2s1)
PSONTICIISONICI=P (24 1)
TSONIC(ISONIC)=T (24 1)

RETURN

£ND

SUHROUTINE FONICS(KeJsANGLE)
CONSTRUCTION OF FIRST PUINT ALUNG 1SUCLINE

COMMON X(24100)9Y(29100) e (25100)sT(2s100)

COMMON XSLP(L00) «YSLP(LU0) »AP(LO0) o THETA(L0U) oPHP (1Y) 945 (100) »

PHS(L00) 9 ASASS(100) «DASVACLOU) e JSLP
COMMON XTS(21e26)sYIo(21926) enli) sTAU(Z6) oNSUNTCINANGLE
CUOMMUN XSONIC(20) o YSONIC(20) «PSONIC(26) + TSONIC(20) s ISONIC
COMMOUN XCONE (100) o« YCONE (100) o PCONE (LuU) o TCONE {LUU) « ICONE
COMMON X340 0109) ¢ YSHD(100) s Y30ACLIUG) sNSHU
COMMON Xe DY (LQU) o ¥YROY(LU0) o DY=UX(LUU) sNHUY
COMMUN WTFLsHSHP s TUSeTOFP s (18MS¢0AMP oaF UNOQ e AMN ¢ ANUH ¢ APKREF s ASSAP S
XRIMeYPRIMyAPRIMepDPRIMeCHLICVL «COMACUBUY «DSHDSENU »
PAMS s YRATIOWPT «CUNVASCONVReFUTHaNOATAsuSTUP
SOLVZE « CHOKE o CHANGE ¢ CHARGE « TYPE W POINT o SThHO
COMMON PTS{25) sAREA(Z) s WLEAK(ZO) 9 TIILE(LH) ¢ NI 1ERSTRY
DIMENSTON ACLE) ax {16 sCULI6) e ()
REAL MACHeMUAVE
FUNMUAM) =ASTNTL . 0/7AM)
FUNM(GPH)=5QRT(2,0/ (=1, ) # (PA#% (= (H=140) /1) =140))
FUNP (Ge8M)=(1 a0+ (GmleN) /2. 0%aMeAA) #5 (=0G/(G=-1a0))

41



{20uo>
VIV L

000003

G400n3
cDG06s
260067
0007w
030070
0101
C60111
3040115
cudley
000131
vuldla?
640154
300156
CUdl7u
303172
40170
2hdeee
{002es
Jd02c4
30230
wud2ul
CG024u
000ew7
GGu25ae
000270
ceoerl

050003
C000u3

00003
650003
300003
¢C0003
530003
000003

600003
G000u3
600003
w000uU3
300003
£socle
Judule

téootle
jgo001le

48

OO

o

AVF (K1eX2)=(At+Kr) /26
FQHMAT'(lHlv//QUX-%dﬁSUNIC SOINT (xP) LIesS LDUTsIUE RANGE OF 150CL1

LukE S/ 7)

5P FURMAT (//726X¢15AXIS3(n50N1CeK) =FJa09loXsarar =Fd.59 1545 LOHAIS (1

1) =Frn.57/)
SUrRVUTINE FONICo

T(2el)=TAaULK}

P (Pel)=FUNP (HAME AR}

MACH=FUNM (GAME e (1 eJ))

ASUNIC=NNNIC-1

TAVE=AVEL(T (s i) s i (Led))

MUAVE SAVE (FUNMU Calw ) 9 FUNMU (MACH) )

D(2)y=Tan(TAvVE-MUAVL)

DO 10 I=1+M150NIC

DYDAS (YTIS(I+1ak)=YIS{IaR) ) /(KIS (I+Len)=XIS5(1eK)) ’
X(291)=(Y(Load)=YISCIeKI=0(2) %X (Lad) +UTLX#XIS(IeK) )/ (DYDA=0(LZ))
Y(2oeL)=Y(1lod)+D (2% (X(291)=X{1sJ))

IF (K JFu, NANGLE)Y GU TO &

[F (A(2e]) GFe AISUI+19K) JANUs X(Z29() JLE. XIS(IeK)) GO TU 12

10 CONTINUE

ARITE (hen(0)}

WRITE (hsh02) XKISINSUNICeK) sx (29} 2 X151 9K}
CalLlL OQUTSNP

caLL exiT

12 CALL COAVE (XAVEsYAVEsPAVE s TAVEsLeJs2e )

Catl COEFF(XAVE sYAVE s PAVE ¢ TAVE ¢ LsHGAMP)

D{2y=C(2)

D8}zl 0/ (CLa) 2B ELIB))
DEY=FDIMeC I *CL2) 7{C(14)=#C(10))

ANGLEST{L e N +0{a) #(P( 29 1) =P (Le D)) +U(0)#{Y(2e1)=Y (1))

16 RETURN

ENp

SUBROUTINE HOUND (J)
CENTERLINE OR SULID SJUNDAKY CALCULATION

COMMON X{2+100)sY(2910U) P (24140 T (4100}

COMMUN XSLPCLOO) «YSLP (100 »AMPC100) s THETACLOU) sPHP (1U0) 9AMS(100) o
1 PARSCL00) 9aSASS(100) sDASUXACLIV0) 9 ISLP

COMMON XTIS5(21426)eYI5(21926) 3w (21) sTAU(26) «NSUNTCoNANGLE

COMMUN XSUNIC(2h) s YSONIC(Z6) yPSUNIC(26) s TSUNIC (26) 9 I SUNIC

COMMON xCUNF(lOD).YCUNE(lUU)-PCONt(lbU)oTCUNt(lUO);ICUNt

COMMON X5rD (100) «YSHD (100) vOYSUX (LU0) s NSHD

CUOMMON XBDY (100} s YHOY (LU0) sOYSBUXCLOG) o NBDY

CUMMON WTFLvHSHPvTUSsfUPoGAMb'bAMHQFUNﬁyﬁmR-ANDRtAPHEFqASSAPSq

1 XPRIM9VPNIMQAPHIMqUPRIMocFLQCVLyCONAnDHUYQUSHDvENUv
2 PAMH s YRATIOsP L s CUNVASCONVRFDIMaNUDATAsNSTOR
3 SULVE s CHUKE s CHANGE o CHARGE « TYRE s POINT o SThi

COMMON PT5(25) s ArEA(2S) s ALEAK (2D o TLTLE(L ) eI IERSTRY
CUMMUN/HNLYR/XSUM(luu)oYSuM(lUU)-utL:nU(LUU)91HLTA5(100)~
1 CFSHU(lOO)vxCNﬁ(lUU)yYCNt(lOO)-UELCNL(IUO).]METAC(IOU)c
2 CFCNE(IOU)vHEYHQM|PUPaAUP-VUPoHLYSLLnHOvaOScVOSthAvXSCALr
COMMON/CPLUT/IPLOT s XSTART o YSTART 9 ASPANS YSPANYSCALE s SPANSAXLS s

1 XORBMvYOHhN-deFTvYSdFT-KKK(l“)oPP(lQ)QADU~N(100)sYACROb(lOO)
DIMENSION C{lb6)slL(06)
AVE (XY o X2)={X1+X2V /2,00

H00 FORMAT (lrle//a0xsa7HuiianlE TO usTaln CONVE~GENCE IN SUBROUTINE L1

INE///7)

DU FORMAT (eXebHITER =I344XenHX (P J) SEH.504Xe83RT1 (29 J) =FB.504X0

14RP (2ed) ZFReHeaaeBAT(2oJ) SFHeDsaAsbHTEST =IvElZ o)

206 FORMAT (L9X«7F1e,5)
mUe FORMAT (140)

SUBRIDUT TNE S0UND



Juuule ITER=0

230013 CHRO==g,000]

200015 Ao dy=X{1led)

J630¢c1 P{2e 0= {}laJ)

580023 I[F (ICONE oEW. L «AND. NHDY 6T, 0) Catl CNLYR(DUSLX)
y000 34 ICONE=TCONE+1]

063036 DELCHNE(TCONE) =0ELCNEL[CUNE = )

000040 IF (NHDY GT. 0) GO TO 10

000042 USOX=0 U

050042 DELCHE (TCONE)Y =040

Jd0043 10 [TER=1+ITER

GI004us PREF=P (2 ))

v0004s7 CALL FINDIX(Z2sJd) s YCNE(ICONE) oDYCDXel40)

000053 TCHE=ASS (ATAN(UYCDX) )

620057 DYPUA=DYCUX+DDSUA

cCooel Y2+ D) =YCNELICONEY +0eLCNe (1CONE) /CUS(TCNE)

3060072 F(2sJ)=ATAN(DYPLA)

600706 CALL COAVE(XAVE «YAVE sPAVE s TAVE S LledeZe))

000106 CALL COEFF(XAVESYAVE 9 PAVE +TAVE s CoAMP)

80011¢ ul2)=C(2)

630114 D(4Y=1.0/7(CLeY=CLOYHRC(BY)

060117 DIBY=FOIMEC101#C L2y /7 (C{L1uy#ClLb))

duol2w K29 D)= (Y (Lo =Y (21 =D(2)#X(1aJ)+VYPDAEX(20J)) ZIDYPDA=U(2))
060140 PRy N =(D()#R (LaI)+T (29N =TlLle ) =ULD)E(Y (29I =Y {1sJ))) /D (u)
000154 XCONE(ICONE ) =X {2+ J) =N LCNE (TCONe) #SIN(TCNE)

Ja0lel CALL FINU(XCONE CICUNE) s YCONE (TCUNE) sUYCDXa140)

000167 PCONE (ICONEY=F (245 J)

200173 TCONE (ICONE}=ATAN(DYCOR)

490177 IF (NBDY «0GTs 0 JANDe KREYPKRM oJ0T, 0.0) CALL CNLYR(DDSDX)
000212 12 TEST=ABS{P(2+J)-+REF)

3002106 IF (ITER JLT4 45) 6O TO i«

000220 IF (ITER +£0Qs 45) wRITE (6e600)

0602206 WRITE (hebU2) ITtHeX({29J)aY{(PeJ)aP(2ed)sTH{2eJ)sTEST
000256 IF (ITER JLT. 45) GO TU 14

000262 CALL OQUTSLP

000263 IF (CHOKE +£Q, -1.0) CaLL OUTLYR

600270 IF (IPLOT L£Q. 1) CALL PLUTL

30027« CALL EXIT

900275 14 IF (TEST J6T. ERFOKZR(244)) GO TO LU

400304 16 RETURN

000305 END

SUBKOUTINE FIELD (D)

C
C FIELD POINT CALCULAT1IUN
o
0¢0003 COMMON X{(2¢100)sY(20100) e (24100)9T(24+100)
000003 COMMON XSLP(L00) «YSLP (10U s AMP (10U s THETA(LOU) sPARPTLOD) s AMS(LGD) »
1 PHS(100) s ASASS(100) «+DASUX (Y00 4 ISLP
€00003 COMMON XIS(21926)eYIS{71426t W (21)sTAU(Z26)sNSUNTILNANGLE
000003 COMMON XSONIC(26) s YSONIC(26) +PSONIC{26} s TSUNIC(20) s ISONIC
€00003 COMMON XCONE(100) o« YCONE (H0D) «PCONECLI0) o TCUMNE (100 o« [CONE
000003 COMMON XSHD(100) « YSHD(100) sDYSUKCLUD) s NSHD
600003 COMMON XBDY(LOG) «YoOY (LU0) s 3YHUX(LUY) s NHUY
¢00003 COMMON WTFLaHSHP s TOSsTOP s GAMS+0AMP s FUNGY AMK s ANUR S APREF s ASSAP S
1 XPRIMyYPRIMyARPRIMA¢DFRIMyCFLeCVLsCONASUBUY sDDSHUENU o
2 PAMB e YRATIOWPT 9CONVASCONVH o F OIMeNOATASNOTUP s
3 SOLVE s CHOKE s CHANGE s CHARGE o TYPE 4 POINT 5T hu
000003 COMMOUN PTS(25) ¢ AREA(ZS) s WLEAK(2S) s TITLE (14) s N TERKSTRY
0000ud DIMENSION A(i6)enR(16)s0(n)
000003 AVE(XLlsX2)=(X1¢XrP) /2.0
000012 500 FORMAT (ldle//740Xs43HUNAHRLE TO OnTAIN CONVErRLENCE IN SUBROUTINE FI
LELD//777)
000012 h02 FORMAT (BXeAHITER =13e6Xe8HX(29J) ZF3,5¢0XexHY(Z2ed) =FHLSaKy

LAHP (24 J) SFB.5eaXe8rT(20J) =FH.Oe4Rs0HTEST =1t iceb)



50

0000ic2
00001«
000015
000016
000025
000032
000037
000044
000046
0060050
000060
000064
000075
000101
0060103
000104
060110
000113
000117
000124
000143
000lse

600202
000214
00220
000222
000230
000260
000265
000273
000273

000003
520003

000003
000003
000003
000003
000003
c00003

000003
000003
000003
000020
200026

2060026

000020

0000206
000030
000031

(oK el

[eReXe]

[eNeXe]

10

SUHRRUUTINE FIELY

K=J-1

ITER=0 .

ERRUR=0,0001

X(29J)=AVE(X(LsJ) s X(2sK))
Y(29J)=AVE(Y(Lsd)sY(2sK))

P23 J)=AVE (P (L sd) s P (24K))

T2+ =AVF (T (1ad)sT(2sK))

ITER=1+ITER

PREF=P(29+J)

CALL COAVE(XAVEsYAVE sPAVESTAVE+29Ks29J)
CALL COEFF (XAVE s YAVE 9 PAVE s TAVE 9 A9 GAMP)
CALL COAVE(XAVEsYAVEsPAVEsTAVE sl Js2sJ)
CALL COEFF(XAVEsYAVEsPAVEsTAVEsBeGAMP)
D(Ly=A(1)

v2r=8({2)

DI3)=1,0/(A(3)#A(S)I#A(T))
D(a)=1.0/(B8(4)#83(6)%*4(18))
D(S)=FOIM#A(9)*A(11) /(A (13)#A(15))
D(6)=FOIM=#8(10)#8(12) /(B8(le)#B(16))

X2e (Y (La) =Y (2sK)+O(1IRX(29K)=D(2) X (L D))/ {L(1)=D(2))

Y(2eJ)=Y (1) +D(2) %X (29J)=X(12J))

P2y} ={D(3)#PUZyK)I+D (@) #P (La D) +T(29K) =Tils D) ~U(S)#(Y(294)=Y(24K))
1 =D(B) BRIV (29 0) =Y (19U)))Z7LD(3)+D () )

T2 =T (LoD +0 (eI (P(290)=P(lead))+U(B)#(Y(29JI=Y(lod))

TEST=ARS(PREF=P (2+J))
IF (ITER «LT. 95) GO TO 12
IfF (ITER JEQ. 95) WRITE (69600)

WRITE (6+602) ITERIX(29J)aY{(2eU)sP(29U)sT(29J) s TEST

IF (ITER JEQ. 100) CALL EXIT

IF (TEST .5T. ERROR®P{2,J)) GO TO 10
RETURN

END

SUBROUTINE SLIP(Y)

SLIPLINE CALCULATION

COMMON X (24+100)2Y(2+100)9P(25100)+T(24100)
COMMON XSLP(L100)«YSLP(1U0) +AMP(10U) s THETACLOU) 9PHP (L100) 9 AMS(100) »
1 PrASC(L00) 9 ASASS(100) +0ASDX(L00) ¢ [SLP

COMMON XIS(21926)sYIS(21926) W (21) s TAU(26) sNSONICeNANGLE
COMMON XSONIC(26) s YSUNIC(26) +PSUNIC(26) 9 TSONIC(26) ¢ ISONIC
COMMON XCONE (100) s YCONE(100) sPCONE(£030) 9 TCONE (100) 4 ICONE

COMMON XSHD(100) »YSHD (LU0 »DYSUX(LUD) o NSHD
COMMON XBDY (100) »YBOY (100) sDYBUX(100) sNBDY

COMMON WTFLeHSHP 2+ TOS»TOP s GAMS s GAMP s FUNG s AMK s ANLR s APREF s ASSAPS s

w N o—

XPRIMs YPRIMsAPRIMsUPRIMeCFLoCVL yCONAYDBUY s DSHD$END
PAMB e YRATIOsPI s CONVASCONVRIFUIMaNDATASNSTOP,
SOLVE « CHUKE s CHANGE s CHARGE s TYPE o POINT o STAG

COMMON PTS(25) s AREAL(Z2S) sWLEAK (25) 9 TITLE(1B) s NI TERs TRY

DIMENSION C(16)+D(6)

FUNP (GoAM) =(1.0+(G=1.0) /2, 0%AM*AM) #% (=G/ (G=1,0})

AVE (X1aX2)=(XL+X2) /2.0

1Irsr/77)

002 FORMAT (BXsOHITER =I3+4Xe8HA(29J) =FH.SeaXe8HY (29 J)
18HP(2+J) =F8.594XeBHTI29J) =FBSs4Xs6HTEST =1PELZ.S)
604 FORMAT (1HJY)

SUBROUTINF SLIP

K=J-1
ITER=0
ERRO~N=0,0001

200 FORMAT (LlH1ls//60XyaTHUNABSLE TO OBTAIN CONVERGENCE IN SUBROUTINE SL

SFBabyakXs



000032
000042
000046
000064
600073
000101
goolo7
000114
030115
000117
000122
000124
000130
000140
000142
600145
000152
000155
000172
000201
000202
000205
000207
003225
000240
000241
000243
000244
000247
000252
000262
0uo0273
000302
000305
Q00314
000330
000333
000343
000347
000352
030353
000355
000355
000361
000364
000367
060374

000426

000460
030462
000465
000472
000476
000500
000504
000507
000513
00051«

OO0

000003
000003

12

la

16

18

20

23

24

CALL COFFF(X(2aK)aY(29K) 2P (29K) 9T (29K)sCeGAMP)
DYDX=TAN(T (1eK))
X(ZOJ)=(Y(29K)‘Y(10K)*UYOX”X([’K!'C(I)*X(Z'K))/(UYUK'C(‘))
Y(2eJ)=Y(2sK)+C L) ¥ (R(29J)=X(29K) )
P(2eJ)=aVE(P(leK)sP(2sK})

T(2eJ)=AVE(T(LeK) 9T (24K))

IF (P(2+0) «GE. HSHP) P(2+Jd)=PHP(IdLF=-1)

CALL STORE(J}

ITER=1+ITER

YREF=Y(2+J)

PREF=P(2+J)

CALL COAVE (XAVEsYAVE +PAVE 9 TAVE 29 Js29K)

CALL COEFF (XAVEsYAVEsPAVESsTAVEsCouAdr)

D(Ly=Cc(l)

D(I) =)D/ (C3#CHSYH#C(T))

DISY=FDIM#C(9)=*C(11) /(CL13)*CLIo))

IF (CHANGE +t0. 1.0) 60 T0 16
X(Z»J)=(Y(?vK)-Y(vi)*UYDX"X(IOK)-U(I)*X(ZcK))/(UYDX-D(I))
Y(29J) =Y (2eK)+D (I # (X (29 J) =X (29K))

CALL FLOW(D

IF (POINT +EQe =1.0) GO TO 24

IF (CHANGE <EQs 1.0} GO TO 1#
T(ZOJ)=T(?9K)-U(?)”(P(ZOJ)-P(ZOK))-U(S)“(Y(ZvJ)-Y(ZvK))
DYDA=AVE (TAN(T(LeK)) o TAN(T (294)))

CALL STORE (D)

50 TO 20

CALL FLOW(JD)

IF (POINT JEUe =1eU) GU TO 24

Y(29JY=YSLPUISLP)

IF (ABS(YREF=Y(2+J)) LE. ERROR¥Y(20J)) Y{(2eJ)SYREF
X (291X (29KI+ (Y (29d) =Y (2K} /D(L)

DYDX= (Y (2ed) =Y (LeK)) /(X (29I =X(1sK))

DZDX=TAN(T (1sK))

T(2+J)=ATAN(AVE (DYUX9s13ZUX) )

P(?sJ)=(U(3)“P(?gK)-(T(29J)-T(ZvK))‘U(5)*(Y(ZQJ)-V(£yK)))/0(3)

PEST=P (29 J) /HSHP

IF (PEST .GT. 0e0) PEST=PEST##(-(GAM5-1.0) /LAMS)=1.0

IF (PEST .G6T. 0.0) CALL STURE ()

IF (PEST .G6T. 0.0) GO TO 20

POINT==1,0

ASASS(ISLP)Y=0,5

GO TO 24

TESTP=ARBS (P (2¢J) ~PREF)

TESTY=ABS (Y (24J) =YREF)

IF (ITER .LT. 95) GO TO 22

IF (ITER .EQe 95) WRITE (6+600)

IF (WTFL +EQas 0.0) WRITE (6+602) ITERSX(29J) s Y (29J) oP(29J) s
T(290) s TESTY

IF (WTFL «GTe 040) WRITE (69602) ITEReX{(29J) Y (29J)sP(29U)
T(294) s TESTP

IF (ITER .EQ. 100) GO TO 23

IF (ITER JLT. 1) 6O TO 12

IF (TESTP GT. EKRUR®P{29J)) GU TU 12

IF (TESTY .GT. ERRUR®Y(2+J)) GU TO 12

IF (STAG GE. 0.0} GO TO 24

CALL FINO(XSLP(ISLP)+YPsDYPOXs2,0)

DELTA=YP=-YSLP(ISLP}

IF (DELTA (LE. 0.0) POINT=-1,0

RETURN

END

SUBROUTINE SLIU(JY)
CALCULATION OF wake EFFECT ON FLOW FILELD

COMMON X(?clOO)GY(E!lOO)CV(ZolUO)!T(f,IOO)

COMMUN XSL’(XOU)vYSLP(lUO)oAMP(lOU)9THLTA(100)1PHP(100)0AM>(100)0

51



1 PH5 (100 9y ASASS(100) s0ASUK(LO0) »ISLP

C0Q0u3 COMMUN XIS(21s26) 9YI5(21426) 9w (21)+TAU(26) sNSONICINANGLE

€00003 COMMON X50NIC{201 s YSUNIC(20) +PSUNIC(26) s TSUNIC (261 s ISONIC

0G00u3 COMMON KCUNF(!OObgYCUNE(luO),PCUNttluO)aTCONt(loolsICONL

600003 COMMON XSHD(100) «¥YSAUCLU0) sDYSUX (LU ¢ NSHU

G00003 COMMON XaDY(L100) s YRDY (1U0) sDYSUX{100) yNgDY

000003 COMMON WTFL;HSHP110>!TUPOHAWb96AMP-FUNG,AMH.ANuk.APREF.ASSAps,
1 XPHIM,YPHIM,APRIM.UPRIMyCFLvCVLsCONAqUHUYvDSHDvENU:
2 PAMB s YRATIOWPLeCONVASCONVReFULMAsNDATASNSTOP,
3 SULVE s CHOKE s CHANGE s CHARGE s TYPE s POINT 95T ARG

000003 COMMUN PTS(Zb)9AREA(85)vaEAK(ea).TI[LE(I&).N[IEH.TRY

000003 FUNMIGyPHI =SORT{P2 o0/ (6=L o 0) # (PH## (= (5=1,0)/6) =140} )

Gudo02e FUNP{GIAM) =(1,04(0=140) /2. 0%AMUAM) #3% (=(G/(6=140))

000040 AVE(X1eX2)=(X[+A2) /2,0

C00046 000 FORMAT (1nls//43Ke67HUNABLE TO UBTAIN CONVERGENCE IN SUBROUTINE St
1I07/77)

000046 002 FUKMAT (Z22KebHITER =1634Xs7THASADS TFE.514Xe6HWSEC =FHSeux,
1 OGHDELW =FR,594Xs6HTEST =(rFEL2.Y)

300046 004 FORMAT (1H1e//28Xe120854//7)

200046 606 FORMAT (22XKs6HISLP =16hs4K00HASLP =FB8.514X16HNSEC =F8,594X
1 OEHWMIX =F R 594X sBHASSAPS =FB,.5)

GG00ub A08 FORMAT (1lHJ)

000040 ITER=0

000047 ERROR=0,0001

600051 IF (ISLP .EQ. 2) NPOINT=0

000054 IF (SOLVE .£EQ. 0,0 ,Ux. STAG JEU, =1.0) GO TU 18

000063 IF (CHARGE +EQ. 1.0 .0OR. CHANGE +tEQe 1,0) GO TO 14

040072 AMSAVE=AMP (I5LP)

C00074 PSAVE=PHP (ISLP)

630075 TSAVE=THETA(ISLP)

000077 AMS (ISLPY=AMS (ISLP-1)

060100 CALL AJAX(XPsYPsALPHASASECYDADK)

C0010« 10 ITER=1+ITER

CO0106 ASAVE=ASASS(ISLP)

Goo110 WHAVE=WSEC

000111 [F (ITER JEW. 2) ASASS(ISLP)=wSEC/WIFL#ASASS (ISLP)

000116 IF (ITER .GT. 2) ASASSISLP) =ASASS (ISLP) +DAUWH (WTFL=WSEC)

000125 IF (ASASS(ISLP) LT, 1.0) GU TU le

000130 CALL ASTAR(AMS (ISLF) 9 ASASS{ISLF) sLAMS)

000133 PHS (ISLP) =F NP (GAMS« A4S ([SLPY)

000140 PHP (ISLP) =PHS (ISLF)Y #HSHP

000142 AMP (ISLP) =FUNM(GAME+PHIP ([SLP))

G00150 CALL WAKE (UELvwsOFELA)

000152 ASPREF=(ASEC-DELA)Y /APR[M#APREF /aSADS (ISLP)

000157 WS=1.0/FUNGH¥HSHP #ASPREF

000163 WSEC=WS+UFLW

000165 WRATIO=WS/aTFL

000167 AMIX=DELW/WTFL

0C0170 TEST=ABS(WSEC-WT+L)

000172 IF (DELA/ASEC GE. 0.90) 6O TO 16

000177 IF {ITER .6T. 1)} DADWS (ASAVE=ASASSISLI) ) /(WSAVE-WSEC)

0002ub IF (ITER LT, 45) GO TO 12

000211 IF (ITER JEGe “5) WRITE (bs6500)

000216 WRITE (He602) ITERIASASS(ISLP) s WSECIUELWS TEST

000234 IF (ITER JEu. 20) CALL EXIT

000241 12 IF (TEST 4GT. 0. 10%ERROR) GO TU LU

000246 ASAVE=ASASS (ISLP)

000250 IF (AREA(L) JLTa 1.20) ASAVE=AREA(NITER)

000254 IF (ASPREF ,GT., ASSAPS) (O Tu 16

co0260 IF (ASAVE .GT. AWt A(NITER) oAND. AREA(NITER} LLT. 1.20) GO TO 16

600271 ASSARPS=ASPREF

000272 P24 J)=PHP (ISLP)

060275 T(29J)=PMER (AMSAVE » TSAVE « AMP {ISLP) s GAMP)

£60303 14 CaLL STORE (J)

000304 GO TO 1s

0600300 16 CHARGE=1.0

000310 CaLL SLIP(D)

900311 183 IF (POINT .NE. =1.0) GO TQ 22

C00314 IF (STAG LEQ. 1490) GO Tu Zv

000316 IF (NPOINT JLE. 1) GO TO 24

000321 20 STAG=2.0

000323 POINT=1,0



CuQ324
0Gd3¢o
¢00330
200330
000335
(00342
000344
090365
00346
500350
0003%<
(00354
369356
600360
660371
C00403
GO00ula
000427
000443
000450
000awnl
000471
000504
900505

00Qov3
300003

€00003
0600003
evo003
600003
000003
000003

000003
600003

000034
000054
000070
0C0076

¢00076
000076
000100
000101
000102
000104
000106
000111
000113
000115
000117
300124
000125
000127
000130
000132
Cd0lua
000145

e XeXe]

22

24

10

{SLP=15LP-1

HoHP=PTSINITER)

GO TO 24

IF (ASASS(ISLP) JLE, leus) NPOINT=L+NPOINT
CALL AJAX(XFsYPsALPHASASECeDASUA(ISLP))

VAUX==1,0
POINT=0,0
DELA=0.0

IF (WTFL .cQe 0.0) GO Tu 21

IF (IsLP LT. 3) GO TO 24

DELP=ASASS(ISLPY =ASASS{ISLP=4)

DELU=ASASS{ISLF=1) =ASASS([SLP=2)

DELA==~ARS (DELP)

IF (DELP +5Te 0ol oANDs DELQ o0Ta 0.0) DELA=UELY

IF (DASDX(ISLP) 0Te 0eU AN, DASDX (ISLP=1) suTse 0.0) DADX=1la0
IF (DELA .5Ee 0ol oANDS. DADA oGT. 0.0) POINT=140

IF (TRY LEUWe 1a0 <AND. ISLP .LE. NUATA) POINT=UL0

IF (XSLP(ISLP) «LTe EnD oAND, AREA(NITER) oLE. 1.09) POINT=0.0
IF (XSLP(ISLP) «GEte EnD) POINT=1.0

IF (SOLVE +LEs LoD oURe STAG obue 1.0) GO TO 2«

IF (DELA «O6T. 0 oANDe DADX 0T, Ga.0) POINT=1.U

IF (TRY JFD. 1.0 JAND, ISLP .LE. NUATA) POINT=0.0

RETURN

END

SUSROUTINE FLOW ()
CALCULATION OF FLOW CONUITIONS ALONG THE SLIFLINE

COMMON X(25100)9Y(25100)eP(25100)sT(25100)

COMMON XSLP(L00) «YSLP(LUU) +AMP (100} o THETA(1001sPAP(100) sAMS5(100)

1 PHS(L100) saSASS(L100) #ASLUA(L00) 4 ISLP

COMMON XIS{2{+26)sY15(21426)sw{21)sTAaU(26) +NSONTCoNANGLE

COMMON XSONIC (261 9 YSONIC(26) +PSUNIC(26) s TSUNIC(20) s ISONIC

COMMON XCONE (100) s YCONE (100) +PCONE (1U0) + TCUNE (100) s ICONE

COMMON X5HU(100) s ¥YSHD(LU0) +DYSDX(1UL) s NSHY

COMMON XHDY (100) »YBOY (100) sDYRDA(LO0) oNDY

COMMON WTFL eHSAP s TUSs TOP s GAMS s GAMP 9 FUNG e AMR s ANUR s APREF s ASSAPS s
XPRIMeYPRIMeAPRIMsDPRIMsCFLCVL 9CONASUBUY s DSHUWEND
PAMBy YRATIO9PT«CONVAsCONVReFUIMINDATASNSTUR
SOLVE « CHORE » CHANGE ¢ CHARGE s TYPE 9 POINT ¢ 5TAG

COMMON PTS(25) yAREA(£5) sWwLEAK(25) s TITLE (1#) oNITERSTRY

FUNA (GeAMI = ((G+1,0) /72,0144 (=(G+1,0)/(2.0%(G=1aU}))#1o0/7AM%(1,0+

1 (Gmlo0) /2. 0%AMBAMY ## ((G+1a0)/(2.0%(0-1.0)))

FUNM(GePH) =SART {20/ (5=140) #(Pr##(=(5=1,0)/6)=1.0))

FUNP(GsAMI=(1,0+(G=1,0)/2.0%AM*AM) ##(=G/(G-1,0))

AVE (X1eX2)=(X14X2} /240

Wi P

600 FORMAT (lHls//60Xs47HUNABLE TO OBTAIN CONVERGENCE IN SUBROUTINE fo

LOW//77)

602 FORMAT (1xJ)

I=1S5LP

ITER=0

ATOL=1.95

ERROK=0,0001

ASASS(I)=1.9

IF (IStP .EN. 1) AMIN=10,0
IF (STAG .GE. 0e0) GO TO 10
P(29J) =HSHP

PHP (1) =H5HP

AMP (I =FUNM(GAMP +PHP (1))
AMS(1)=0.,0

PHS(I)=1.0

A5ASS(11=500.0

CALL SHLYR{DDSDX)

IF (I JFEWQ. 1) THETA(L)=PMER (AMKsANGReAMP (1) +bAMP)
GO TO 20

ITER=1+ITER
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54

000147
Se0lsl
SJal6eu
350162
500106
360173
20017y
C0deob
0cgel0
¢a021e
200215
500225
000231
Coocal
300247
000264
Codaer
200274
G0030¢
300310
000315
000320
000323
600330
¢0033¢
000340
¢00343
600346
600352
du0354
000360
000361
600367
000370
000375
300406
C00411l
000412
000416
030417

0000uU3
0000u3

000003
500003
090003
0€0003
000003
000004

600003
630003

900003
000003
000003

600003

[oNeNel

AsAVE=aSAS5(])

1IF (1

0. 1) TH[!A(II=PWtR(AMR9ANhROAMP(I)cuAMP)

IF (CHANGE oFUe 140) GO TO 12
CALL AJAXK(AP«YPSALPHASASECYDADA)
ASASS () =ASEC/APRIM#APREF /ASSAPS

IF (I

JEQ. 1) 60 TU e

IF (ASASS(I) 40T, 1e05 JAND. ASASS(I-1) +6Te 1eU7) GO TO la
AMS(T)=aMs5([=})
12 CHANGE=1,.0
CallL AJAX(XPsYPsulFPHAWASECIDADKX)
ASA::(I)=AVE(ASAbS(I—l)9FUNA(GAM5;AM5(I)))
ASEC=ASASS(]) #APIM/APREF #ASS5APS
YSLP (1) =YR#YP#2F [ M=a5EC*COS (ALPHA)
IF {YSLP (T} oLte 0e40) ASASS(II=0.5
I[F LYSLP(T)Y o6Ts 0ol o8ND. FUIM JEW. £.0) YSLP (L) =SQRTYSLP(]))
Y{2sJ)=YSLP(])
DZDX=TAN(T(laJ=1})
DYDX=AY (2ad) =Y Ly =1} 1 /(A(2s ) =X (L1ad=1))
THETA(I) =ATAN(AVE(DYDXsUZDX) )
[F (ASASS(I) .GT., 1l.0) GO TO le
Fa IF (ASASS(I) LLT. l.U0) GO Tu 20
CALL ASTAR(AMS (1) +ASASS(]) eGAMS)
PHS (1) =FUNP (GAMS . AMS (1))
PHP () =PHS (1) #H5HP
AMP (1) =F UMM {GAMP s PHP () )
P(2eJ)=PHP (]}

IF (1

6T, 1) GU TU 29

1o TEST=A4S(ASASS(I)~-aSAvVE)
IF (ITER JLTae ¢%) GU TO 18

WRITE

(6900

CALL EXIT
1R IF (TEST .GT. ERROR*ASASS(I)) GU TO 1§
20 POINT=0,0
IF (ASASS(I) LT, 140) POINT==1,0
IF (ISLP ,GT. 1 .0k, POINT LEQ. 0.0) GO TO 22

HSHP=1,

SO#HSHP/ASASS (1)

ASASS (1) =0.50
IF (NITER JEds 50) CALL EXIT

22 RETURN
END

SUBROUTINE SHLYR(DDSDX)

BOUNDARY LAYER ALONG SHKOUD wALL

COMMON
COMMON

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

1
f4
3

COMMON

X(29100)9Y(29100)+P(24100)9T(2+100)
XSLP(ICU)beL”(iUU)OAMP(IUO)foETA(lOU)vPHP(lOO)!AMS(lOO)!
PHS{100) «ASASS(100) sDASUX(LU0) 4 ISLP
XIS(ZI»Zb)9YI§(21!20)sN(Zl)9TAU(26)9N50NIC:NANGLE
KbONIC(Zb)1YSUNIC(96)9950NIC((6)!TSONIC(ZU)!ISONIC
XCONE(IOO];YCONE([OO)9PCONE(1UO)1TCUNt(100)OICONE
XS5HD(100) 9 YSHD(100) sDYSUX(L00) ¢ NSHD
XHDY([OO)QYGDY(IUU)vOYHUX(lUO)’NUUY
HTFLQHSHPQTUSOTUP'GAMDQGAMP'FdNb!AMHoANbR’APREF’ASSAPS’
)(PRIM,YPRIM,APRIM-UPRIMvCFLvCVLvCUNAoUBUYQDSHDoENUc
PAMB o YRATIOWPLsCUNVAYCONVRsFDIMaNDATAZNSTOP,

SOLVE s CHOKE s CHANGF « CHARGE o TYPE s POINT s STAG

PTS(25) «AREA(Z29) s WLEAK (25) s TITLE (LK) yNITERS TRY

COMMON/HNLYR/ASUM(IOO)9YSUM(IOU)90EL3HU(100D9THETA5(100)-

1
2
500 FOrRMAT
092 FORMAT
1
604 FORMAT
1
606 FORMAT

CFSHD(IOO)qXCNi(lOO)oYCNt(lUU).UELCNt(IOO)qTHETAC(lOO)q
CFCNE(lOO).REYPRM.POP.AUP.vUP;REYSEC-PUSvAOSvVOSaPEvaSCALF
(lHl!//ZHX!IbAHv//)

(C2XKsBHNTFL =F9.06995X99HPTS/PTS =F9.645X 9 BHREYPRM =1PEL10.3
SXedHREYSEC =1PELU.3)
(//be.udeHu'dxvuﬂvsﬂn.dx.BHAMb.ux‘cHUELbﬂuoox.bHTHETASy
AXySHCFSAD e 6K 9 SHODSDX/ /)

(LIXe7F12,5)



0000u3 nl0 FORMAT (Irnl)

000003 AVE (KLaXZ2)=(X]1+&2) /240
200012 PRUAMI = (AM/ (L 0*0e2*AMEAM) ) #i24
000020 FUNMGIPH) =SART(Z,0/(0=1.0) ¥ (PH¥#{=(05=4.0)/G)=1.0))
QU004 FUNT(GeAMY 2 (] 0+ (G=14D) /2 URAMEAM) #8 (=4 ()
Gu00s52 FUNP(GsAM) (Ll U+ (G=140) /2. 0%AM*AM) 42 ( =G/ (G=1,0))
c30066 FUNUITEMP) S 27 % 42  LTHTEMPH %] oo/ {1900+ TEMP) 4§ b —n
C
C SUBRUUTINE LAYER
C
6Colul DDSDX=0.0
030102 IF (REYPRM Elle Da0) 6U TO 30
000103 I=ISLP
000104 5=0,702
0001006 HRETA=0.0
00107 START=0,0
060110 TWT0=0,959
000111 IF (FDIM 20, lau) BETA=],.25
000115 IF (WTFL «6Te 040 «ANUS ISLP Jtuwe 1) GO TO 12
900126 IF (WTFL +6Ta 0e0 <ANL, ISLP c0T. 1) 6O TO 14
360137 IF (wTFL EQs 0ot oAND, AMS([=1) .GT. 0.,0) GO TO l4
0u01la7 IF (ISLP LEQ. 1) 6O Ty 12
000151 10 XSUM(I)=0,.0
000153 OELSHD(I) =044
000154 THETAS(I)=0.0
0C015% CFSHO(I)=0.,0
360156 REYSEC=0,0
300157 12 TP=TUP#FUNT (GAMP ¢ AMR)
0060163 APZ49,02%5QRT (TP)
GGlles VP=2 0%AP/REYPRM#XSCALE#AMR
¢ool72 PP=53, 34#TPH#FUNUTKH) /VP
000200 POPZEP/FUNP (GAMP 4 AMK)
000203 POS=POP#PTS (NI TE)
000205 ANP=4Y 024 5URT (TUP)
000210 ANST43,02%5URT(THY)
060213 VOP=53,3# TOPH#FUNU(TOP) /PUP
000221 VOS=93, 3 TOSH*FUNULTOS) /HAS
goupece 14 CALL FIND(XSLP (T «YSUMLUL) «UY X922}
000232 IF (I «GEe | <AND. AMS(I) oEue Ged) 00O TO 30
600245 IF (I +GTe 1 JANDe AMS(I=1) ,twe Ueul) GO TU 43U
600256 IF (DELSHDU{I) +Efe Ve0) STARIT=1.
0002061 AMSHD=AMS ([ )
000263 IF (I 6T 1) aMsHUSAVE (A4S Yeads(f~11))
000270 PS=ROSHFUNP {GAMD s AMSH )
000274 TS=TOS#FUNT (GAMS s AMSH))
000277 AS=49,02%SART (I5)
000302 VS=53,3#TS#FUNU(TS) /PD
0060310 TSTO=1,0/(1l.0¢Us20%AMSHD#R)
GO03la TAVETO=0,50#TWTO+0 4 22%54% (140/3,0) +(0.50=0.22%5%%(1,0/3,0)1%TSTO
600331 TSTAVE=TSTO/TAVETG
009332 TAVE=TS/TSTAVE
000334 VAVE=53,3#TSH#FUNU(TAVE) /PS
000341 IF (ISLP 6T. 1) GO TO lo
000344 REYSEC=2.0%AS/VO*XSCALE*AMS (1)
0060350 XREX=XSCALE#DELSHD (TN /(0 NG00 (1, U+0,40%AMS () #E2) 4% () ,44))
000362 REX= (ADS/VOSHAMS () % (1 0+020%AMD (L) ##2) % (=2,25) ) #4 (=0,20)
000375 ADIM= (XREX/REX)##(540/440)
000404 XSUMT) =XDIMBYSUL () ##HETA%PR (AMS(]))
000415 60 TN 18
000415 16 YAVE=AVE (YSUM(I)sYDUM(I=-1))
000420 AMAVE=AVE (AMS (1) s AMS(I=1))
000423 DELX=XSLP(I)=X5LP(I=-1)
600425 XSUM(T)=XSUMIT=1)+YavE##5E Ta*Pr (AMAVE ) #XSCALE*UELX
0060437 18 XDIM=1,37(YSUMIT) ##BETA%PK (A4SHU) ) ¥ XSUM(])
300450 REXZA0S/VOS#XDIMEAMSHI® (1,040, 20#AMDAD*#2) %% (= ocD)
000460 IF (REX oLE. Gs0) GO TO 22
600462 DELSHD (1) =0.046%*XDIM/XSCALE* (140+0s80#AMSHUB#2) #% ((0,44)
1 EREX#® (=1 ,0/5,0)
090500 THETAS(I)=0.036%XDIM/XSCALE# (1,040, 10#AMSHD##2) ## (=0 ,70)
1 HREARE (=1 ,0/5.0)
000517 DDSDA=0 . U36HB% (1 0+080FAMSHDHH2) #3 ((,44) ¥ REXER (=1 .0/540)

000534 REY=AS/VAVESTHETAS () #XSCALE#AMSHD
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500541
030543
000550
3305606
000571
300573
£Go576
CJI0h0w
000605
0600607
600610
000611
000612

600003
000003

300003
000003
000003
000003
000003
000003

000003
000003

000003
090003

000003
000003
300003
0cgol2
600020
000040
000052
000066
000101
000102
000104
000105
0001006
000107
000113
000120
000131
000135
000140
000143
000146
600163
000164
000166
000173
0001706
300177
c00210
gua2e3
a00232

OO0

0

30

1
2
3

1

2
600
6902

1
604
606

AC=DELSHD (1) /THETAS(])

AI=(HC/TWTO-0,20%AMSHD## 2} #TSTY

CFSAN(I) =N, 246REXP(-1.561%HI) “REY®## (=0,268) % (TSTAVE) #%] , 264
IF (ISLP .EQe 1) GU TO 30

IF (DELSHD(I=1) .EQe 0.V} GO Tu 30

IF (START LEQ. 1,0) DELSHD(I)=DELSHD(I=1}

IF (DELSHD(I) oGTe S 0%UELSHN(I=-1)) UELSHU(T)=UELSHD(I-1)
GO TO 30

ISLP=ISLP~-1

CALL 0oUTLYR

CALL EXIT

RETUKN

END

SURROUTINE CNLYR(DUSDX)
BOUNDARY { AYER ALONG CENTERBUDY SURFACE

COMMON X(Z24100)9Y(29100)9P(2+100)+T(25100)

COMMON XSLP(100) s YSLP (100) «AMP(100) s THETA(LO0) sPHP (100) 9 AMS(100) o
PHS(100) 2ASASS(100) «DASUX(L100) s ISLP

COMMON XIS(21926)0Y15(21+26) 9w (21)eTAU(26) sNSONICINANGLE

COMMON XSONIC(26) 9 YSONIC(26) ¢PSONIC(26) s TSONIC(26) s ISONIC

COMMON XCONE(100) «YCONE(100) sPCUNE(LU0) s TCONE (LU0 » ICONE

COMMON XSHU(100) «YSHD(100) 9DYSUX(100) ¢NSHD

COMMON XBDY (100) »YBDY (100} s0YBUX(100) ¢NBDY

COMMON WTFLsHSHP s TOSsTOP s GAMS s GAMP s FUNG s AMR s ANGR 9 APREF ¢ ASSAPS,
XPRIMsYPRIMeAFKIMeOPRIMICFLICVLYCONAWDBUY sDSHDSEND s
PAMBs YRATIOsPI+CONVASCONVRSFDIMeNDATASNSTUR
SOLVE s CHOKE s CHANGE s CHARGE ¢ TYPE 9 POINT ¢ STAG

COMMON PTS(25) s AREA(2ZS) s WLEAK(25) s TITLE(18) ¢+NITERSTRY

COMMON/BNLYR/XSUMCL00) « YSUM(L100) sDELSHD(100) s THETAS(100)
CFSHO(L100) s XCNE(100) o YCNE (L00) s DELCNE (100) « THETAC(100) o
CFCNECLOD) ¢+ KEYPRMoPOP 9 AUP s VOR s REYSECsPOSsAO0SsVOSePEX s XSCALF

FORMAT (lHls//728X918AGs//)

FORMAT (//3Z2Xe4HXCNE9BX94HYCNE 9BX 9 IHAMCs8Xs EHUELCNE y6X96HTHETACY
6X e HHCFCNE s TX 9 SHDDSDX/ /)

FORMAT (1HJU)

FORMAT (25X 7F12.5)

AVE (X1 X2)=(X1+X2) /2.0

PRIAM)=(AM/ (1 ,0+0,2%AM#AM) ) #i4

FUNM(GsPH) =SQRT (2,0/(0=1,0) #(PH#% (=(0=1.0)/G)~1.,0))

FUNT(GsAM)=(1,0+(G=1,0)/2,0%AMBAM) #% (=} ()

FUNP(GosAM) = (1 .0+ (6G=1.0) /2. 0%AM*AM) ## (=(G/ (G=140))

FUNU(TEMP) =2 ,27#32 L TH#TEMP##] 5/ (198,6+4TEMP) #] ,E=4

IF (REYPRM LEQ, 0.0) GO 7O 20

5=0.702

I=1CONE

BETA=0.0

TWT0=0,950

IF (FDIM EQ. 1.0} BETA=1.25

AMCNE=FUNM (GAMP s PCONE (1}

IF (I «GTa. 1) AMCNE=FUNM(GAMPsAVE (PCUNE (1) +PCONE (I-1)))

PP=POP#FUNP (GAMP 3 AMCNE)

TP=TOP#FUNT (GAMP s AMCNE)

AP=49,02%54RT (TP)

TPTO=FUNT (GAMP s AMCNE )

TAVETO=0.504#TwTO+0,22#5%4(1,0/3,0)+(0,50-0,22%52%#(1,0/3.0)1)%TPTO

TPTAVE=TPTO/TAVETOD

TAVE=TP/TPTAVE

VAVE=53,3%TRP#FUNU(TAVE) /PP

IF (ICONE 4GV 1) GO TO 10O

DELCNE (1) =DELSHU (1)

KREX=XSCALE#DELCNE (1) /(006465 (1l ,0+0.80%AMCNES®2) &% (0,44))

REX= (AOP/VOP#¥AMCNE® (1 qU+U20%AMCNERR ) #8 (=2 20} ) 88 (=0,20)

XOIM= (XREX/REX) #%(540/849)

XCNE (1) =XQIM#YCONE () ##8E TA¥PR (AMCNE)



600242
£00242
330245
600250
600254
000256
600270
Cou301
0600311
203313
Ybo3dls

600334

000353
000370
000370

000407

00Q04lo
060443
000430
300493
G00457
C00474
060470
200500
000501
600502
0005u3

0290005
00005

Gooous
0000U>
Co000>
0200us
Gu000S
0008005

66000>
$00005

200030
200057
230067
we0o77
Cudlus
aoolev
060135
3Go1«1l
C0d1lso
Ji0155
c00171
033173
Q4deue
cioao7
590215

nudéés
609220

oNaNe]

12

1

i

GO T 12

YAVE=AVE (YCONE (L) o YCUNE(I-11))

PAVE=AVE (PCUNE (1) «PCONE(TI-1))

AMAVE =FUNM (GAMP s PAVE}

DELX=XCONE () =XCONE (I-1)

XCNE (I)=XCNE(T=1) + YAVE##HETA*PR (AMAVE ) *XSCALE#DELX

XNDIM=1,0/ (YCONE ([CONE) ##5ETA*PR(AMCNE) } #XCNE (1)

REX=ZAOR/VORP#XDIMEAMCNE# (1 4 U+ V0¥ AMCNER#2) # % (=24 25)

IF (REA oLEa 0a0) GO TO 1B

IF (REX +GE. leE7) 60 Tu L&

DELCNE(I) =0 046%X0OIM/XSCALE®* (1.0+0.80%AMCNE®#2) ## (D 44)
EREX# (=1,0/5.0)

THETAC(T) =0, 046%XDIM/ASCALE# (1 40+Ue LO®AMCNE #s2) #% (=0,70)
FREXHE (=] ,0/540)

DDSOX=0,036A% (1,040 HUMAMCNE## ) %4 (0, 44) #REX#* (=1 ,0/5.0)

GO T 1k

14 DELCNE(I) =04 028 % XDIM/ASCALE# (1o 0+ U BRAMCNE®#2) #¥ (D ,44)

1

1

GREX%E(=1,0/6,U)

THETAC(I) =0, 022%ADIM/XSCALE# (1o U+Us LI*AMCNERE2) ##(=0,70)
*REX#H(=1,0/6.0)

IDSDX=0,0233% (1 e0+0BOFAMCNE##2) #2 (0,44 ) ¥REXF¥ (=1,0/64.0)

16 REY=AP/VAVE#THETAC (1) *XSCALE#AMCNE

20

1
2
3

HC=DELCNE (1) /THETAC(I)

HI=(HC/TWT0=0,20%AMCNE®*#2)#TPTO

CFCNE (1) =0 4246%EXP (=1 ,561#H]) #REY## (=0,268) # (TPTAVE) ##].,268
60 Ta 20

[CONE=ICONE-]

CALL OUTLYR

caLL EXIT

RETURN

£ND

SUBROUTINE WAKE (DELWsDELA)
CALCULATION OF VISCOUS MIXING REGION

COMMON X{(2s100)2Y(29100)sP(2+100)5T(2+100}

COMMON XSLP(L0G) ¢ YSLPLLUO0) s AMP{L0U) s FHETACLU0) +PHP (100} s AMS(L100) »

PHSCLOCY 9ASASS(L00) sASLA(LU0) o ISLP
COMMNON X[S(21426) s YI5(21+20)eW{21)eTRUIZ6) sNSUNICyNANGLE
COMMON XSONIC(26) s YSUNIC (b)) +PSONIC(26) s TSUNIC{26) 9 ISONIC
COMMON XCONE(100) o YCONE(LO0) o PCONE (LU0) o TCUNE (L00) « ICONE
COMMUN XSHUCL100) « YSHU (10U ) sDYSUX(LOU) 9 NSHU
COMMON Xr0)Y (100) aYBUY (LU0) «DYSUX(L100) +NBDY
COMMON WTFLeHSHP 2 TOSs TUP eGAMSsGAMP o FUNG s AMR s ANOR s APREF 9 ASSAP S
XPRIMsYPRIMyAPRIMeDPRIMeCHLICVLsCONADHBUYsOSHDEND s
FAM3 s YRAT[UsPLeCUNVALCONVRFUIMINDATAINSTUR
SULVE s CHUKE s CHANGE s CHARGE « TYPE 9 POINT e DT AL

TCOMMON PTS(25) sAREA{23) sWLEAK(25) s TITLE (18) oNT [ER s TRY

1

1

FUNA(Gy By =( (644 ,0) /72,0144~ (G+L,0)/7(2,0%(G=1,0)))%1,0/AM® (1,0
(G=1ati) /22 UHAMEAM) #4 ((G+ L a0) /(20" (0=1,0)))

FUNR (G AM) =SURTI(O+ 140 /7 0%aM#aM/ (1o 0+ (G-140) /2. D¥AM*AM))

CROCCO(H A =AMBAM/ (2, 0/{G=1,U) +AM¥AM)

FOHNCRICAsRPAHT Y= (L, 0=CAa)¥PAT/ (1, 0=CA*PATI*PHI])

Ay (X)1aXZ)Z(X1+X2) /24U

PAITBSFUAG (GAMS y AMS(ISLP) ) ZFUNQIOAMP « AMP (ISLP) ) #SURT (TOS/TOP)

GAMI = (PAMP W TFL#*GAMS)Y /(L. 0+WTFL)

STISTI=(1,0+rHIB) /(1 ,0=PH]H)

Calls0=CrOCCO(GAMPyAMP {ISLPY)

CATISU=CATISOP (1ei=PHIN) ##2/(CATISQ®(1,0-PHIL)#%2+(1,0-CAIISW))

STHI=12eti ¢ 15H¥SERTICAISWY) /(SURT((1.0-CAISQ)#(GAMI=-140)}/2.0))

STl I=STISI#*SIo]

ARATIO=ZFUNA{GAMP 4 AMR) /ZFUNA(GAMP e aMP {1 SLP))

CaLL MIXITOS/ZTOPCalIswePHISs0.0e5106VE)

DELAZP 0/ 16T T#XSLP CISLP) #YSLP(ISLP) *SIGVS

IELA=Z 0/5T0TIT#ASLP (ISLPY #YSLPIISLP) #ARATIO#FUNCK (CATISQsPHIB) *
ST6HVS

e TuU=ly

VIS
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SUBROUTINE MIX(TuBsCAZsPHIBsPHIVSIOVH)

C
C CALCULATION OF PERTINENT PARAMETERS FOR MIXING SOLUTION
C
000010 DIMENSION €TA(4L0) sPAL(410) 9 TOR(440) sE 11 (410)9EI2(410) sEI3(410)
000010 PI=S0RT(3,1415927)
000011 ETARY==-5.0
160013 DEETA=0,0720
000014 ETA(1)=ETARY
000016 PHI(1)Y=PHIH
000022 TOR(1)=TO08
000023 Al=PHIB# (1,0~CA2) /7 (TUB=CAZ*PHIp#%2)
000030 Bl=PHIB#AL
000031 Cl=T0B#A]
000033 ET1(1)=A1%ETARS
000034 EI2(1)=R1*ETARB
000035 ET3(1)=Cl#ETARB
000037 D0 12 I=ls+400
000041 ETA(I+1)=ETA(I)+NEETA
000043 AVETA=(ETA(I+1)+ETA(I)) /2.0
000046 PHI(I+1)=PHI(I)+{]1.0-PHIB)*EXP (= (AVETA*#2))#DEETA/PI
000064 TOR(I+1)=(TOB* (1, 0=PHI(I+1))+PHI(I+1)=PHIB)/(1.0-PHIB)
000074 A2=PHI(I+1)#(1,0-~CA2) /(TOR(I+1)=CAZH#PHI(I1+1)%#%2)
0Gol02 B2=PHI(1+1)*#A2
000105 C2=TOR(I+1)*®A2
000106 ETL(I+1)=ETL1(1)+(AL+A2)*DEETA/2.0
000114 EI2(I+«1)y=gI2(1)+(BLl+d82)%DEFTA/2,.0
000121 EI3(I+1)=EI3C1)+(CL1+C2)%DEETA/2,0
000127 Al=A2
000130 Hl=82
000132 cl=Cce
000133 J=1+1
060135 IF (ETAC(I+1)) 12,12910
000137 10 A=gIl(I+1)~EI2(1+1)
000142 B=EIl1(I)=EI2(I)
000144 IF (ABS(A=R)=1,0t~05) le4slésl?2
000151 12 CONTINUE
000153 14 EINJ=(EIL (N =EI2(I))/{1.0=PHIB)
000157 ETAM=ETA (D = (EIZ2(N) ~PHIB#EIL(J) ) /(1o G=PHIR)
000167 DO 16 K=2+400
000170 IF (ET1(K)=ET1J} loelBelR
060177 16 CONTINUE
060175 18 DETAS(ETLJ-EIL(K=1)) /(ETL(K)=ETL(K~1))®DEETA
000202 ETAJ=ETA(K=1)+DETA
000204 PHIJ=PHI (K=1) «DETA/ZDEETA% (PHL (R) =PHI (K=1))
000211 EI2J=EI2 (K=1)+DETA/DEETA#(EIZ2(K)~EI2(K=1))
p6o2le FI3JSEI3(K=1)+DETA/OEETA#(EIS(K)=EI3(K=1))
000223 STNSG=(EIPJ~PHIH*EILJ) /(1.0-PHIB)
000231 V3SIG=ET1J#(TOB=CAZ#PHIB##2) /(1 ,0=-CA2)-ETAM*PHIB
000240 IF (PHIB LEQ. 0.0) GO TO 20
000242 SIGVRB=VBSIG/PHIG
060243 GO TO 26
000243 20 DO 22 I=1+400
000245 IF (PHI(I+1) .GT, PHID) GO TO ¢4
030251 22 CONTINUE
000252 24 DELP=PHIV=-PHI(I)
000254 DPHI=PHI(I+1)-PHI(])
000257 DETA=ETA(I+1)=cTA(])
000261 DEIL=EIL1(I+1)~EIL(])
000264 ETAD=ETA(I) +DETA/DPHI *DELP
000270 EILID=EIL1(I)+DELL/DPRI*DELP
000273 SIGVB=EI1J=-EI1D
000275 26 RETURN

000276 END



su00us
CCaous

vuuQuls
260003
svo0u3
200003
S0000V3
w0093

206003
C00003
t0g003

£30034
300054
2G007Ts

coo117
€30140
030150
C301n2
£00170

000170

600170
cuol70
00172
000173
030174
500176
caga20l
£00205
taGell
(60217
otgaee
0a0227
(ud23o
({0230
C30243
320247
030251
G202s7
300263
coo2eb
630271
600276
000302
000310
3G0313
000321
(00326
500327
$30335
000341
cI9345
200350
$0037¢
2037y
2004602
LoQuu7?
300415
200417
300ucl
Tedelu

K00 FORMAT (lHle//32x¢38AWARE IMPINGES UN SHROUD wALL AT XSLP =FY.6s84

02

nlis

10

12

SUARDUT e miee Ak ()
CaLCULAT IO OF warg Ler INGMEAT O SARGUD wALL

COMAON X (29 l00 ey (Zelul) ar(ZetUu) sl (241000

COUMMUN kaL“(lQﬂ\.vaLH(lun)-44V(10u)qfﬁtTA(lUU)-PHU(LOO)-AM:(lUU)v
i PR {LUG) saSad> (LUD) s DaSUX(LUU) o I5LP

CrMMnty XIN(?l-/h)nYls(?ln)b)outfl)‘TAU(HH)QNSUNIC-NANGLE

CoMiduN &deIL((o)-Y)lec(Zb)-abUNIL(ko)oTSUNIL(db)oIbUNIC

COMIIN KCONE (10U) e YCUF (150) « PCONE (170) o TCONE (1U0) » ICONE

CUMMIIN XSHOCL0G) aYSHU(LUD) sUYSUXLL00) s NSAY

COMMUN XY CLON Y «YROY (LU0) 9 DY 30X LU0 9 ARDY

CuMMin MTFL-HhﬁVvTUEO]UPQUNW)QDAWPOFUNbQAWﬁvANUKQAPREF'ASSAPSQ

1 KPP MeYFRIMeaP[MePRIMeCFLOCVLsCONAYDEUY vDSHUCEND »
DA s YRATTIGP L eCONVA s CUNVR eFIeNDATasNITUR
3 SULV{’CHOKFOCHANntOCHAQGL'TYthPOINTQDTHU

COMMUN PTS(25) s AeF A(29) swlbEAR (25 s TITLE (4B} snTTERSTRY

WEAL KAaPPA
FUNA(G-A*)=((h'l.“)/P.O)*”(-(h*l.u)/(?.u”‘G-l.O)l)“l.O/AM“(l.O’
i (h-l.nl/&.u*AM%AM)**((6'1.0)/((.0*(b-1.0)))
FUNLMIGePH) S50RT (2,07 (=1 ,0) % (PR¥%¥ (= 10=1,0)/6)=1.0))
FUNQ{GsAMIZSurT E{O+1.3) /2. 0%aM*AM/ (1aU+ (G=1,0) /2. 0#AMEAM) )
%ECV(GvV)=(((h*l.d)*v*(b-l.O))/((U-I.O)*9+(h*1.0)))““(G/(G-I.U))“
1 Pk (=] L0/ (6G=1.0))
ESCAPE(G-QR)=SUHT((Gol.U)/(h-l.Ul”(I.O-PR**(-(Q-l.U)/G)))
CRUCCO(Hea ) =akidan/ (2,07 (G=1,0)+aM¥am)
TEST(“QPH)Zl.W'HN*ﬁf‘(U'l.U)/G)

AVE (KL X2) = (Xi+X2) /200

e YSLP =F9.0//)

FORMAT (PukXebriwlFL =FI,0euXs /HWLEAK SFY b KeBAPRATIU =FY.694Xy
1IHTUS/TOP =FY9,6)

FORMAT (1H1)

KaPPa=1,0C0

ATOL=0,0005

PTOL=040005

I=15LP-1

NYDX=TAN(THETA (L))
DTDA=(TH&TA(I)-THtTA(I-l))/(ASLP(I)—ASLP(I-I))
CALL FIND(XSULRLI)aYPsDYRPOXe2,0)

AREF=XSLFE (1) + (YR=YSLP (1)) /7 (DYDA-DYPDA)

CALL FIND(AREF ¢ YREF sDYRUK9Z 1))
THETAP=THETA (1) +nTOX% (AREF =XSLF (1))

PREF =HSHF

AMREF =F M (GAMP g PREF)
THETAR=PMER (AMP LI}« TR TAR s AM=EF s AMP)
DELTA=THE TAR=ATARN(UYRDX)

IF (DELTA JLE. 0,0) Gu Tu 18

IF (DELTA 6T, D.0) PRAT[U=P>T(GAMPeaqrEF sLELTRA)
RECUMP=]40+KARHAR (PRAT[O-140)
PEST=TEST (GAMP ¢ RECUMPY

[F (PEST LT. 0.0) CALL EXIT

AMA=F UN) (HAMP ¢ AMREF )

AMD=ESCAPE (GAMP 2t COMP)
B=(1,0=-TOS/TOPY ¥ (AMD/AMA) #%2/7 .U

C=TOS/TOP# (AMD/AMA) &2 p

PHID=B+SQRT(HER+()
TOSTOP=TUS/TOR+ (1, 0=TUS/TUP) *PnT0

PHln=0,0

GAMI= (GAMP+wTFL#LAMS) /(L OeWTFL)
STISI=(1,2+PHIB) /(Let-PrIs)
CATISO=CROCCO(GaME s AMREF)
CAIbu:CAIIbu“(l.u-PHIH)**Z/(CAll5u”(1.0-PH[d)**d*(I.O-CAIISU))
5Ih1:l£.003.75&“5“HF(CAI§N)/(Su«T((l.O-CAIbw)*(uA”I-].O)/?.O))
STGII=STISTI*SI6]

ARAT INZFUNA(GAAH « AMR) /FUNA (GAME ¢ AMKET )

caLL MIK(TU>/1OP-CAIlaqunld.Pan-SIuvc)
WLFAK(NITSR) = au/S O I#AREF*YREF #ARATIO®ST0V
XSLP (ISLPY=XSLP(]SLP~1)

YSLR (IsLPY=YSLrP (ISLP=-1)

THETA(ISLE) =ATaN(LYPUX)

UHS (TSLP)Y =1 U/7HECOMPY
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60

Lugssh
2J04 35
3Goual
Sulewd
Sihusl
300450
Jvuaea?
C2u4n0
Tidenl
T0Jdan?
Tedabs
TO0arl
NV
CI0aT77
SIS0
Gu0517
[N LY
vidb23
503524
Ci05¢es
vil195260
Gu0540
Gudodl
LUUSaq
200553
L40557
2J056«
30567
500572
280575
Su0601
Culobla
(00600
300610
c0d6l2
600613

600003
230U

560003
Ci00u3
320003
cL2003
330003
{60003

3538003
L6a0uU3

640003
Go0QuUs
IR
GaQa1l
G0J014
cud0l7
Lvdo2u
J0duce
200020

[oReRe!

o Ret

16

17

1R

AASCISLPY =FUNM{GAMSsPHS ([SLPY)

ASADS{ISLRP) THUNA(GAMS ¢ AMS (1SLPY)

PHP ([ SLP) =4ECNMPSRREF

AMEP (ISLP) =FUNM(LAMP g AR (15LP) )
ARFA(NITF4)=AM]N1(ARtA(NIItR)-A:A:S([bLP))
POINT==1,7

NHTGHA=D

DD 1o I=lsnlTFR

IF (NLEAR(T) JEW, D.U) GO TO la

I {alEan () LoT, wiFL) ARIGHTL+NAIGH
CONTINUE

WIFF=ARS(WTFL=wbLr AK(N]TER) )

IF (NITER JFQe 1) PlrfFzfi,u

IF (MITZ= 6T, 1) PIFF=AES(PTS(NITER) =PTS (NI TER=1))
I[F (uHIGH 6T, 0 JAND. PIFF JLE. PTOL#RPTS(NITER)}) GO TO 1le
IF (WIFF JGT. wlubL) G To 18

POINT=0.0

TYPE=0.0

STaG=1.0

CHANGE=]1,70

PTISINITERS L) =HSHP

WLEAKINTTER) =0 TFL
AjEC:YP*YD*“FUIM—YbLP(IbLP)*YSLP(ISLP)““FuIM
IF (A5 (LYPDX) +6GT. J.0) CALL AJAX (AP 9 YP 3 ALPHASASECDADX)
ASPAPS=ASEC/ARPRIM%APNEF /ASASS (ISLP)

TF GaTFL 6T. 04 ASSAPSTAMINL (ASSAPS»ASPAPS)
IF (aTFL JEd. 040) ASSAPSSASOARS
HSHE=ZPHR ([ SLP) /PHS (TSLP)
PlLled=1)=AVE (PHP (ISLP) sy PP (IsLr-1))
T(l-J-l)=AVF(THErA(15LU)-ThETA([bLP-l))

CALL FIFLD{U-1)

ISLP=151.P+1

caLL sSLIr(h

CaLL SLiuv(d

RETUKN

ND

SUBRUUTING INSERT(NPT)
THseE=TIUN JOF FIeL PUINTS

COMMQON X( 29100 0¥ (29i0U)sP(20400)sT(e100)

COMMUN XSLPllOJ)onLP(lUU)oAMP(IUU)-THETA(IDO)9PHP(100)9AM>(100)9
1 PHS (100 saSASSL00) 9DASUA(LUO0) w ISLP

COMMON KlS(?lc@b)oYlb(Zl;Zb)swtﬁl)vTAU(Zh)-NbUNICQNANGLE

COMMON KbON[C(Zhl-YSUNIC(Zb)'PSUNIC(th)oTSDNIC(Zb)vISONIC

COMMIN XCONF(lOU)oYCUNE(luU)9PLUNC(1U0)vTCONt(lOO]vICONE

COMMON XSHD(LOG) o YSHUC(LUG) »DYSUXCL006) o NSHD

COMHMON XADY (L0U) « YHUY (LUU) sDY=UX (100) s NBDY

COMMON WTFL.HSHQQTUbvTUP.hAW}9bAMPQFUNG!AMRQANUQ’APHEF’ASSAPS!

1 XPRIAeYPR My AR My [MeCFLYCVL s CONAYDBUY s DSHD s END s
Dﬂ4H9YNATIH#PInCUNVA!CONVRsFU[M,NUATA,N)TUP!
3 SOLVE « CRinke s CHANGE s CHURGE s TYPE 9 PUINT 9 STAG

COMMON PTS(P5) saxt 8 ( o) s wlLEAK(9) s TITLE (14) o NITERS TRY
DIMENSTION C(lA)ei(o)

SUBROQUTINE INSERT

NRTS=]+00PT

XNPTS=NPTS

OX= (X (lo2)=X(lal) ) /anrT>
DY=(Y (lel)=Y(iel)) /ANPTS
DT={T(lay =Tl ) 2ANPTS
0Y 12 Jd=i1+120
A{29J)=x(} o)

T (2e0)=Y(1a )
P(2e)=2(1e )



£udosu
50003¢e
400041
SU004>
Wl 00u7
Gu00»e
G057
500062
600063
420070
240075
300101

390114
060117
cuolz2o
s0012l
200123
5301es
6031e7
000132
oG0l34
GUOL37
C001al
C30143
000145
000146
200150
co0lol
GGo153
G40154

00000>
£G00U>

£60005
0600005
L0005
¢J9005
L4005
$J2000>

330005
$o00uS

323045
2000300
230010
Cud0la
£30d01>
Juudle
¢CQ02u
6L202e
Cu00c«
v30025
00007
(00031
c00033
J20030
00040

OO0

17

16
15

20

T2y =T(1leJ)
CaLl COAVr (XAVE s YAVE ¢2AVE s TAVE s Lol le2)
CALL CUOSFF(XAVE s YAVE s AVE s TAVE 2 CauAMP)

N1y =C
DEGERED!

1)
JN/(CEHDECIS)YHC(T))

DASY=FR[M*C( #C (11 /7 (CL3)#Cin))
COMTIHUF
D) da J=2eneTS

X{(leJ)

=A{Lad=1)+0X

Y (leD=Y(Lad-)+n () ¥ (X({ad)=Xl1leJd=1))
T(le =T (Led=1)+0l
H(le):(U(ﬁ)*#(lcd-l)-(T(loJ)-f(ch-l))‘U(b)“(Y(L-J)-Y(loJ-l)))/

1 I(3)
T CONTINUF

[=NPTS

nn l1a J=2+100

IF (#(Z2+J) .tUe nad) 00O Tu Ln

1=1+]

LX(1e[)=xt et}

Y(leId)=Y ()

P(lal)=R(rey)

Tl D) =T (2 )

CONT INUE

31 20 Jd=1i+100

X(29JY=1e)

Y(PeJ)y=040

P(2ey))=0elt

T(2e)=041

CONTINUE

RE TURN

END

SUHBROUTINE CLEAR(KSRHIFTeJUrEF)

CUMMUN X(2+100) sy (2910G0)sP(2+4100)eT(2+100)

COMMON XSLP (100 «YSLF(L100) +AMP (LUU) s THETACL0U) sPHP(100) 9A4S(100) s
1 PHS{L100) »Aa5A55(100) +0A5UX(100) o [SLP

COMMON XIS(21+26)9YIS(21e26) sw(21)eTAU(26) sNSONICINANGLE
COMMON XSONIC(26) ¢ YSONIC (£6) +PSUNIC(26) s TSUNIC(20) s ISONIC
COMMON XCONE (10U) ¢ YCONE (100U) «PCONE (100) s TCONE (100) s ICONE
COMMON XSAD(L00) s YSHO (100} sOYSUX(L100) «NSHD

COMMON XHOY(LOG) «YHDY (L00) «DYBUXCLO0) o tNHDY

COMMON NTFL’H%HFOTOSQTOPOGAMSQbAMp‘FUNGQAMR'ANGR'APREFIASSAPS’
1 XPRIMeYPRIMeAPRIMeIPRIMsCFLeCVLsCONAYDHUY sDSHO«END »
2 PAMBIYRATIOPTsCONVASCONVReFOIMINDATAINSTUP

3 SOLVE s CHUKE s CHANGE ¢ CHARGE » TYPE +POTNT s STAG

COMMON PTS(25) sAKEA(25) s WLEAK (25) 9 TITLE(188) oNITERSTRY
COMMON/RNLYRZXSUM(100) »YSUM(100) o DELSHD (100) 9 TRETAS(100) »
1 CFSHD(L100) o XCNE(L1Q0) o YCNE (10G0) «DELCNE (1U0) « THETAC(100) »
2 CFCNE(100) «REYPRMePOP ¢ AUP s VOP s REYSEC+POD A0S VOSePEX+ XSCALF
ERROR=0,0001

XREF=X (29 JUnrEF)

IF (ISLP ,6Te 1) GU TO la

00 10 I=1e2

DO o J=14100

A(IsJ) =940

Y(leJ)=0al

P(led)=0.0

T(lsJ)=040

CONTINUE

CONTINLE

00 12 I=1si00

IF (I «6Te 1) DELSHD([)I=U.0

THETAS(1)=0.0

CFSHO(1)=0.0

61



62

30004l
200042
300043
300044
120046
(2J0ub
C2Q0=7
440051
530052
cu0o«
233061
3000603
JUd074q
¢90075
3C0101
0rol103
300105
godllu
40011¢e
GC01la
590115
Goo117
Go00121
(40123
000124
a001¢e5
wboler
GGe0l13l
000132
C0013¢
600135
600137
000140

C0000>
VL0000

350005
G000u>
S0000s
260005
200005
¢00005

002005
Ged009
300014
290014
€J20015
000017
200020
6apo021
G20025
€00031
190033
000034
300036
000040
C300a1
600047
3C0053

e NeNel

la

164

1~

20

22
24
26

a0

A

2]

—

DELCNE ([ =0,0
THETAC(I) =040
CFCNE (LY =0,0

CUNT I NUF

GO T 24

J=0

KMAXZ L GD=<3HIFT

DO 1H K=ledrErF

I=K+KSHIFT
TEST=A45(X (29 1) =Xx(29[=1))
[F (a(2s]) JE0. A(2+i+1)) GO Tu ik
IF (RomTFT o6T. 0 cAnde TEST JLbe ERKOR) 60 Tu 16
Jzle)

X(led)=X( s1])
Y{laJd)=Y¥(r2s])
Plle ) =2(2y D)
T(le)=T(2e1)

A2+ [)=0,0

Y(2+I)=040

P{2sl)=0,0

T(2e1)=040

CIONT [NUE

KEF=14+

DO 24 K=KrFEF4100

DO 22 I=i.+¢

X(lex)=04)

Y{[sx)=0}eU

P(leK)=0,10

T(IeK)=D,u

CONT INUFE

CONTINUE

RETURN

Fnh

SUBROUTINE CHECK (JsSHOCK)
CHECK FOR COALESCENCE OF CHAACTERISTICS

COMMUN X(?sIUO)sY(80100)vP(8nlUﬂ)!T(dleO)

COMMON XDLP(IOO)oYSLP(l”O)sAMP(lUO)¢THETA(100)9PHP(100)!AMS(IOO)'
9d3(!00)vaASS(lUO)’UASUX(IUU)yl5LP

COMMON X[S(Zanbl-YID(ZI.Zb)vw(él)vTAU(Zb)oNbONICqNANGLE

COMMUN K:UNIC(Zh)onUNIC(?b)9PbUNIC(Zo)sTSONIC(dO)oIbONIC

COMMON KCONE(lOU)vYCONt(IUU)9PCUNE(100)'TCUNt(100)9ICONE

COMMON KSHO(IOO)-thu(lUUlsDYSUX(lOO)vNSHU

COMMON XGUY(IOO)nYdUY(lUU)cUYHUX(lOO)yNdDY

COMMON WIFLyHSHEP 4 TOS, TOP s 6AMS s GAMP 4 FUNG s AMK s ANOR 3 APREF y ASSAPS
XPQ[MyYPR]MqAPRIMnuPRIMsCFL9CVL¢CONA9U5UY;DSHDOENU:
PA%qukATIU;PI9CUNVA9CUNVR$FUIMONDATA9NSTOPQ
SOLVE!CHOKEcCHQNGE-CHAHGEvTYPtvPOINT'STAG

COMMON PTS(ZS)'AﬂrA(Rb)vaEAK(Zb)9TITLE(lH);NIfEHo1RY

AVEAXTaX2) = (X1+22) /2,9

FORMAT (//395Xe30HCOALESENCE HAS OCCUKED AT XP =Fd,.,5s6Hy YP SF8,5)

SHOCK=yg,0

LREF=U~]

DY 12 L=1eLwEF

K=J-L

IF (X(2sd) .6Te x(292)) B0 TU &

IF (Y(23J) «GTa Y(292)) GU T 6

{29 J)=X (24 2)

Y(2eJ)=Y(2s2)

P(PeJ) =P (2472)

T(Pe1)=T (242

O TO &

IF {X(2vJ) GTe x(29K)) 50 Tu d¢

IF (Y (29s0) oOTa Y(29K)) U o de

D0 10 N=K,LREF



2e2055
230080V
156063
339000
300070
620072
39007>
330103
Judlde
300167
Jiolll
Go0lle
200116
5U01e0
360122
500124
500126
JuQle?
3006130

60002
600002

06300¢
cuo002
000002
300002
¢o000e
0d0002

000002
000002
cooove
006000«
060005
000007
000010
900012
600014
000016
000023
Goo0025
200027
0060041
000045
000050
00054«
0060055
200056
330057
300060
300061
030063
200066
600067
060073
$Co073

OO0

16
1A

20

~00

10

12

la

XK{Fe )=k e d)

Y (AsHI=Y (20 d)

Plre)=R ()

T(2+:0)=T(79s )

CONT 11iUk

CONT INULF

IF (X(2ed) oOVa A(Led)) HO T 20
[F (Y{2Zsd) oLTa YULsd)) GU Ty 24U
NO 1A 1=Je100

IF (P(1s]1) FQe t.0) GO TU 1n
X(Pes[)=A(1s1)

Y(2e)=Y(1ls1)

P{2el)=P(le])

T(2s[1=T(1sT)

CONT INUF

J=1-1

SHOCK=1.U

SETURN

£

SUBROUTINF ESTMP
ESTIMINATION OF TOTAL PRESSURE RATIU rOr CHOKED SECONDARY FLOw

IF CHOKFE==1,0 SOLUTION HAS NUT BEEN FOUND
IF CHOKE= (.0 SOLUTION HAS BEEN FOUNUs SECONUARY FLUW CHOKED
IF CHOKF= {40 SOLUTIUN HAS BEEN FOUNUs SECONUAKY FLOw UNCHOKED

COMMON X{(2¢100) oY (29100} s (24100)sT(cyi00)

COMMON XSLP(L0D) s YSLP(LOU) sAMP (L00) o THETA(LO0) o+PHP (L100) +AMS(100) »

1 PHS{L100) s ASASSCL00) sUASUX (LU0 s ISLP

COMMON AIS(Z21426)9YI5(210¢26) oW (21)sTAU(26) sNSUNICINANGLE

COMMON XSONTC (261 9 YSONIC(26) ¢PSONIC(Z6) «TSONIC(26) s ISONIC

COMMUN XCONECLODY o YCUNECLOO) « PCONE(LLVO) o TCONE (L0O0) » ICONE

COMMON ADHU(L100) ¢ YSHO(LD0)} s0OYSUX(L00) ¢+ NSHD

COMMON xBY (100) aYsUY (LU0) sDYHBUACLOD) yNHDY

COMMON ATFLHSHP 3 TOSeTUP sGAMS «OGAMP sFUNGs AMR ANOR Y APKREF s ASSAPS
AP IMe YPRIMGAPRTIMsUPRIMeCFLICVLICONASUBUY sDSHDEND »
PAMHB s YRATIOsPT o CONVAICONVReFOIMsNDATASNSTUP Y
SOLVE sCHORE s CHANGE s CHARUE « TYPE PO NTa5TAG

COMMON PTS(29) s AREA(2S) s ALEAK(29) s TITLE(LIB) s W] TEKS TRY

FORMAT (Lrl)

PTOL=0.,0001

ATOL=1,.,05

NDELP=1,02

AREF=1,001

HSHP=PTS(NITER)

AREA(NITER) =ASASS ([5LP)

Ou & I=lsIsLP

AREA(NITEY=aMInNt (AREA(N]ITER) 9ASAS5 (1))

CONTINUE

IF (POINT «NE. 1e.0) 6O TO 10

IF (AREA(NITES) JGEs L0 JANUL. AREA(NITER) LLE. aTOL) GO TO 22

IF (NITER 0T, t) G0 TO L¢

{F (POINT LEU. =140} ASHP=HSHP¥DELP

IF (ROINT oHWe 140} ASAPzHSAHP/UELP

GO TO 26

NLOwW=0

NHIGH=0

PLOW=0.0

PAIN=1,0

D3 1o I=leNITER

IF (AREA(I) oGEs 1a90) GU TU 1lo

NLOW=1+NLOW

PLOWSAMAX L (PLOWSPTS(]))

6Y TU 1k

NHIGH=1 +NHT OGH

RNV
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S0 7D
£udlcl
cudluw
L1067
Iidlle
PERON)
R R
w3133
Sualasy
Lhdlen
Ju0lat
{30los
vudloo
Tu0le7
Laulbe
A0leng
Y
Tigl7e
C30175
PRVRYY-I V]
Judeul
cewcll
cLdelae
cJd2ee
cdoees
0032
60025
GG02v0
330247
duy2sy
T9025e
203253
200200
00250
{ud2bu
H302nl

Juuoe
Juddue

200002
dv0002
Cdooue
Jugoue
Guoooe
§00002

Goooue
Guo00e
Go0ull
0ud0le
960013
c0ddle
GuQdlb
wd00le
560017
290020
Jullee
CuQoee
Codlue7
G00033

[eNeNe

16

e?

26

12

—

PalwEaalel (M IerTS]))

[F (PAT arive »TH (1)) Alu=axcall)

CONT [idd

IF (Hliorm ool 1Y ) T0U e

TF (aalPali=wlLOy) JLr. PTOL#RPAINY GU TU 24
[F (udlnA orle U oM)W HLUW 406Ce 2) UELP=DELPEOELP
IF OnHI6H o0, UY ASHARSPLOWSUE LR

TF (uHInA GFU, 1) HSAR=R4INZuELE

IF (mHR br. PLOW) ASHP=PMIN=(FAIN=PLOW) /6,0
wy Tr 2k

[F (eSS (PaTn=PLuw) 4Lre PTOL#PALN) GO TO 2w
RaAX=) )

D0 2u Izl Tre

[F (axFA(I) JLTe 1a0) GU TO 20

IF (RTSIY of4e PYIND GU TU 20
PAAKSAMTINE(RTS(T) ePMAR)

[F(Prax srire »T5{1)) AMax=AREA(])

CONT TR

DHINZAMIGF LG Yr A TN/ 2. D)
DABAZAMAXRE (L (e a AKX/ 2 W)

ALPHAS (AT N*OMAX=PHAX*MIN) /Z (OMAA=DY]N)
DAMMAS (PAGK=PMIN) Z{DMAX=0M )

HSHP = ALPAA+HAMMARAREF (1, g+ AREF /24 0)
HLOW=(1,0+PTOL) %LU

HMINZ (1, 0=PTOLY %Ml

IF (AS5HP JLr. HLOW ,Uxe HoHP LbbEe HMIN) HSHP=RPMIN=(PMIN=PLOW) /4,0
6O T 26

HSHP=HSHP

CHROKE=0,0

PTS{NITER+ L) =HSHY

5y TO 26

HSHPZPMTN

CHURKE=1.0

PTS(MITER+L) =HSHK

R TURN

END

SURROUTINFE FSTMy
ESTIMATION UF TUTAL #HESSURE RATIO FurR wWLEAK=wIFL

COMMIN X(24100) oY (2oi00)arP {24100 9T el UM

COMMUN XSLP (1000 9 YSLP(1U0) e AP (Lu0) s THETA (10U) oPAR (100) s AMS{L00) o
PHS(EG0) 92a5A55(100) 0)aSuk(LU0) o ISLP

COMMON X15(219201aY15(21020) s i2L) e TAU(26) svSUNICeNANGLE

COMMON X3ONTC(26) s YSUNTC(26) oPSUNIC(2h) o TSUNIC1en) s ISONIC

COMMON XCONE (100 o YCONE (10U) s PCUNE (L50) « TCONE (L100) ¢ ICONE

COMMON X340(1003 9 YSHUCLU0) sDYSDALLIUG) 9 SHD

COMMOUN XY (LG «YaDY (LO0) o )YRUX{LUO) s NHDY

COMMON WTFLaHSHP o TUSs TUP s GAMS s AMP s FUNG Y AMR s AINUR s APREF s ASSAPS «
XE M YPRIMyAPRIMaUPRIMeCFLICVLICONASDIUY s DSHD »END 5
pAMHOYQATI“QH1OCU“VA!CONVHUFUIM'NUATQQNbTUp'
SULVE ¢ CAKE s CHANGE s CHarOE s TYPE s PUTNT ¢ STAG

COMMON PT5(25) s A< 4 (29) s WLEAR(Z9) s TITLE (18) sl lene TRY

AVE (Rl eX2)=(X1eA2)r2a0)

NLOw=0

NVMAXK=(

N4l GH=Y

PLOW=0 .0

QUAX=] L0

PHlGH=| LU

L=l 02

) LY I=ley]lTFw

IF Cams (wLEAR(I)) Lul. U0 O Tu 40

NAAK=] +#NMAK

PMAX=AMINE (PTS{]) ePMux)

CUNT ]



uww03b
w0037
ced0av
00004
Ju0047
Gooo»0
000054
H00UsY
CL0060
Gu0064
CV00bo
640071
£00074
300077
200167
Judlzal
800132
GJu01la6
030147
GG0lse
260160
G00160
330164
Ga0l70
000171

000003
000003

6cooo3
0000u3
000003
000003
000003
600003

360003
€060003

C30034
000054
ou0057
Go0061
0ud0643
000065
000073
430075
0000706
000077
£ool101
0i0lol
w0104
000111
Bo011S
a00lle

OO0

12

1a
16

10

DU la I=le TR~

[F (wlFar([) LEd, CGau) GU TU 14

Ir (nbLFas([) 6T, wiFL) Gu To 12

IF (PTSUT) JTe PWaxX) GU TU 1o

MLOWS1+nL oW

PLONZAMAKL(RPTS (D) erPLUR)

[F (PLOW Side PTa(1)) wLUWSAHLEAK(])

oy TU la

IF (PTS(I) oGTe Hrar) 60 TO L4

AR HH= AT A

PHIGH=LATI(PTS(]) «+PHIGH)

IF (PHINA e PISEI)) wHlbGH=WLEAK(T)

CONTINUF

IF (NLOW J06Te 0 oanDe NHIGH J6T. U) LO TO in

IF (NMAX .OF . U JAnD. NHIGR (Ef. 0) HASHP=PTSINITER) #UELP
IF (NMAX JOE. 0 JANU. NLDW oElWe U) HASHAP=PT>(NITEK) /DELP
IF (WMAX o5Fe O JANDs NLOW o5Ts 9) ASHP=PMAX=(PMAX=PLOW} /2,0
6O TH 272

I[F (asS{wAIGH=-wLOw) LLE. 0.U01) 6GU Tu 20
HoHP=PHIGH=(PHIGH=PLOW) /4,0

nn T 272

DPUW= (PHIGH=FLOWN) Z(wAToH=wlOw)

HSHP=PLOW+UFDWH* CuTHL=ALUw)

RETURN

END

SUBROUTINE STORE (J)
STORAGE OF PERTIWENT [NFOMATIUN ALONG SLIPLINE

COMMON X (21001 9Y(291000) 9P (29100)sT(25100)

COMMON XbL“(lUU]vaLP(lOU)oAMP(lOU)OTHtTA(loo)-PHP(IOO);AMS(IOU)-
1 PHS(100) s ASASS(1UD) «+2AaSUX(LIU0) o ISLP

COMMON XIS(214260)s7IS5(21e26)sW(21)9TAU(26) sNSONICNANGLE

COMMON XSONIC(26)sY50NIC(26) +PSUNICIco) s TSONIC(26) 9 ISONIC

COMMON XCOUNE (10G) « YCONE (100) «PCONME(100) « TCONE (100) » ICONE

COMMON X3 (100} « YSHD (100) 2D rSUX(100) s NSHD

COMMUN XHDY (10U o YRDY (1GU) 93YSDACL00) 9NBDY

COMMON ATFL oHSHP ¢ TUSs TOF ¢ GAMS s GAMP s FUNG 9 AMR « AfNOR ¢ APREF s ASSAPS,

1 XHR I Me YPRI[Me APRIMeDFRIMSCFLICVLsCONAsDBUY s DSHUSEND s
2 PAdd s YRFATIOWP] 9sCONVASCONVRSFOLIMINDATAINSTOP
3 SOLVF ¢ CHORF « CHANGE s CHARGE « TYPE sFOINTYSTAL

COMMON PTS(25) sAREA(25) sWLEAK(25) ¢« TITLE (L1} o NITERSTRY
FUNA(G-AM)=((G»l.O)/a.U)*“(—(GOI.O)/(2.04(6-1.0)))“l.O/AM”(l.O‘
1 (G=lel) /2o 08AMBAN) #2 ({G+Le0) /{2,0%(0=1,0)))
FUNM(GePH) SSQART (24 0/ (G=1.0) ¥ (PH## (= {0=140)/G)=1s0))
ASLPLTISLHY =X (P D)

YSLPUISLPY=Y (e )

PP (ISLPY =P (2 J)

THETA(ISLP) =T (2. )

AMP ([SLP) =FUNM(GaMP e PP (I5LP))

IF (5TAG JG6E. 0eu) 6O TU Ju

PHS{ISLPY=1.U

aMS(ISLP)=0.0

ASASS(ISLP)=50GC.1

6 TO 12

PHS (ISLPY=PHP (ISLF) /HSHP

AMS (ISLP) =FUNMLIGAMS e PHS ([ 5LP))

ASASS (ISLP) =SFUNA (LAMSeAMS(ISLP))

RETURN

£NY
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PRIV IS}
“odis

TLa01s
TLCGLY
T30l
Tl
TLaull
Th00ls

Sud0ls
cululLd

wiouls
valls
PR IR
J0002¢
VY

3600457

CO3037
GGG00y
L6005
Cduloy
Tod0 74
Zd01va
350106
300111
Guulao
Glulil
J001as
0UQ1Lb3
000154
300155

230011
U30011
30003>
33000
030Q00u¢s
G0005)
Cod0od
73000k
Co0070
53307¢
oG0073
Gu0075
200070
GullUo
060107
GO0115
Jod117
300125
cuolz27
wudlsu
500132
VRORe D V]
000147
GO0L5¢

S

10

I

1

»

3

1

1
1

SOHIITT an COMVE(AAVE s YAVE sPaVE e lAVE s [ LeJl el J?)
AVEHAG ] a0 SUse )T ] e

Crydmn g A2 b ey (ainD) ar(2e lUuu) el (e ly0)

C iy XL L) YSLe CRUN) s AP CLOUY o THETACLOU) s PAR (L00) 9AMS(L100)
PSR ) e a8 (Lun) e asALLUG) «IS5LK

ComMetay 1[3(/1-/'1)-Ylbl@lv/_b)-v!((l)0rHU(thv‘\lb()NILQNFAN()LE

LU X0 LC (20 e YSUNICE2H) «PS0NICIZ0) « TaUNLIC(20) « ISONIC

COMII ACHN (OO0 o YCU 4 (1UU) 9PCUNE (L L0) o TCUNE (LU0) » ICUNE

CHOMMAN XS0 (00 «YSAU (U0 9 JYSUKCLUY) siiSHD

COMAON x40 (LUD) o YaUY (Lud ) s )Y 40K CLUY) siNBY

COMAud ATV L el e TUS s TUR s A4 5 a(3Aw ME A FUNG AR I ANOR I AFPREF s ASSAFP S,
Ar~f AaYrr [ty Ar<Tuasisb<[MsCFLCvL sCONAYUBUY s DSHUsENU s
PAaA3a YAl [UsP L eCUvVASCONYRaFDIMeNDATAsvSTUF s
SULVE « CHURE «CHANGF s CHARGE o TYRPE W POINT o 5T aly

COMMUN PTo{Z29) eawt ACe) s WLEAR (29) s TITLE (1A} o] IERSTRY

QNM)J/FH‘UT/[HLUI9&)[ANT,*bfANf-A:HANngPA¢y>LAL&95PAN9AxIbq

AU&GJstwuwsbuFTnYBHFTqKKK(LQ)9PP(1QI~AUUNN(100)o*ACRUS(IUO)

COWMUN/CLHLUT/XVQN-YP:N-NXQNYvthN-KLAhtL(ld)-YLAHFL(AU)

COMMN/SPECL/TESTaURGSE TesPASET

AVE (KL X2)Y= (X1 +A ) /2uu

FUNP(Ge AN () 0% (b=Lau) /72, 0%amsam) «# (=i3/ (=] ,u))

FORMAT (1Rl e//334+624C0N0TTIUNS UF SUNIC FLOW HAVE HEEN wEACHEU Ia

Sun~OuT e Coave //7)

N2 FURMAT (Z9Xs0HKAVE SF9,.00uXeaA4YaVe Sk A, 5e0Ke0HPAVE SFR OeuXs6HTAVF

=F9.5)

PAAXSFUNE (GAMP gL U}
AQVESAVE(A{TLaJlY o X([200”))
YAVEZAVE (Y {(1leJl)a¥(I2ed2))
PAVESAVE (P (T 1ledt) sl (] 2edl))
TAVESAVFA(T(TLedl)eT(12eu”))

IF (PAVE (L Te PMax) Go [0 10
WRITE (Aeb00)

w<xITF (nen02) XKAVEsYAVEPAVE 3 TAVE
CALL 0UTsLv

[F (CHOXE JEG. =1.U) CALL OQUTLYR
IF (IPLDT orw, 1Y CALL FLOTL
CalLL EXTITY

RETURN
EN

SUBROUTINE COEFF (XPeYPePESesANGP «CF 59 GAM)
COEFFICIENTS TO THE CHARACTERISTIC EJUATIONS

DIMENSTION CFS(ln)
FUNMIGePR)SSURTZ,0/(0=1,0) # (PR¥% (=(5=1,0)/G)~1_7}))
AMP=FUNM(HAM PP S)
AMUP=ASTHNA] . 0/7AMP)
ANGRPUZANGP Y AMyP
ANGMUSANGH=AMUP
CFS(l)y=TAan(ANGPFU)
CF3(2)=TAN(ANGMU)
CFS(3)=GAarapPPs
CrS ()Y =CFS(3)
CFSUh) =aMESaAMp
CFS{B)=CFS(5)
CEFs(7)=Tan{amP)
CEFS(HY=CFS(T)
CFSII)=S51N(ANGP)
CFS(l0)=CFs ()
CFS(LlL)y=51n(a4uP)
CFS(l2)y=CF5(11)
CFS(13)y=yw
CFS1a)Y=CHFS(LR)
CFS(15)y =51 4taniP)
CFS(10)=S5{N(ANGMY)
RETURTy

£



SURKOUT INFE n[nxur(w.stALPHA.TnETAvoiLw.Du.uT.x.Y)

C
C TANSFORMATION InuTeoraTioN
C
GLuoU 1« CoIMPLEX FvG’H!lJva)ZOUFUZ
25301« JIMENSTON A(3) en(3)sUX(3)0Y ()
Co0dlw A{l)=w
Lu3014 A(2)Y=w=Dw/Zel
230017 A( ) =H=W
320070 H{L)=THRF T4
7000¢c¢1 S(P2)V=THETA=DT /20
Q0o S (3 =THETA=DT
50207 D0 1o I=1le3
¢30040 i)7=CHPLX (W e=DT)
Su0033 caLL DFUQﬂ(A(I)OWJ!ALPHA!H(I)ODﬁLU'UFUL)
530042 F=CHRLX(COSIHITIYeaIn(s(I)))
230054 H=FXP (=A (1)) *#F
HGY0A0 H=E xP (A (1)) #CONJGL(F)
500103 iJF=G*UFUZ*UZ-CUNJG(ﬂ“uFJZ“DZ/“.U)
Uc0131 DX (DY =REAL (DF)
CLD134 DY (1) =aIMAG(DF)
300136 10 CONTINUE
0u9lal A= (UX (1) +4,0%DX(2)+DR(3)) /6.0
400150 Y:(UY(I)OQ.O*nle)OuY(3))/b.d
J00157 RETURN
000100 ENi)
SUBROUTINE OFDUB (weWJeALPHAS THETAsDELWsDFDZ)
C
C EVALUATION OF TRANSFORMATION ObewIVATIVE
C
G230011 COMPLEX PaQsReUFUZ
Cu00ll PI=3,1415927
200012 A=PT/ALPHA® (WewJ)
0e0015 HzPI/ALPHA*THETA
00001lo C=P1/ALPHARDELW
Gul0cu PECMPLA(STINA (L)Y #COS(B) +=COSH(A) #SIN(3))
600034 W=CMFLX (COSH(A) #C0OS(8) ~COSHIC) s=SINH{A) #SIN(B]])
000054 R=CMPLX(COSH(B)¥COS{H) =1 0o~>INA (A} ¥5IN(E))
onoori I[F (DELW JEGe 0.0) DFOL==RI/ALPAA®P/K
voollo IF (DELW «NE. 0.0) DFUZ=PI/ALPRA*(P/W=P/R)
GGol37 RETURN
000140 £
SUBRUUTINE CONIC(XPeYRalUP VP eVUPAM)
C
C CALCULATION OF CONDITIONS IN A CONICAL FLOW FIlELD
C
¢oo011l DELUP=0.0601
0060012 ERRUR=0,0001
¢o0013 SIGSI=(GA4=1,0)/16AM+]1,U)
Gago017 DELTA=YR/KP
¢a002u TEST=ANS(OELTaY=ans (1. 0/VUP)
00002> IF (aBS{TAST) oLE. ExxOxr#aBs(uelTa)) 60 TO 12
00003¢ SIGNT=TEST/ZARS(TRST)
200035 DELUP=STONTHDELUY
8000306 10 Call RUNGE (UP VP VUP ¢ ELUP s [6OW)
0L00al PEST=TEST
00042 STGNP=PEST/ARS{PEST)
$0006a TEST=a45(DELTA) =AHS (1 .0/ VUP)
200054 IF (ABS(TEST) olre ERROR#aBS(DELIA)) 6U TO 12

CL006l SIGNT=TEST/ZAaS({TRST)
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Ju00o6s
Jid0bb
30161
300103
00103
G001u«

500010
tud0lo
00015
Ga0037
390061
Gudlou
tJolol
300107
wi0l117
300117

600007
030010
6C00la
0600017
600024
600024

000007
¢o0020
* 000027
0060040
060051
3000862
000070
00070

830006
600006

OO0

[gNoR e

leXeXel

[eNeXe)

12

1

IF (SIGNP LEQ. SIGNTY GO T0 1o
uELUp=-0.50*((l.u/UtLTA)¢VUP)/FUNV(UP,VPgVuP'SIGSQ)
IF (DELUP JEwe 0.0) GO TO 12

60 TO 14

RETURN

AY)]

SUBHOUTINE RUNGE (UP VP s VUP 90U SIGSW)
RUNGE KUTTA INTEGRATION OF TAYLOR=MACCOLLI EQUATION

REAL Kl oK P2eK39Ka

KISDUHRFUNV (UP VP 3y VUP s ST 6SUW)
KZ:DU“FUNV(UP&DU/?.U6VP*UU/Z.O*VUP*KI“UU/&.O-VUP*KI/U.O;SIGSQ)
K?:uu”FUNV(UP*DU/?.OcVP*UU/Z.O“VUP*KI*DU/d.UyVUP*KZ/U.OvSIGSQ)
KQ:DU*FUNV(UP&DU-VP*UU*VUP*K}“UU/Z.U;VUP*KJ'SIUSQ)

UPr=ur+u

VH=VH¢DU”(VUP’(Kl‘Ka*K3)/b.0)

VUP=VUP+ (K142, 0#K2+ 2, U¢K3+K4) 76,0

RETURN

END

FUNCTION FUNV(UPWVPsVUPsSIGSY)
TAYLOR-MACCOLLI EWUATIUN

FUNLI=(1,0+VUP##2)
FUNZ2=(1,0~S1GS50) # (UP+ypP#yyp) sty
FUN3=(1.0=-SIGSu* (Upsa2seypuup))
FUNV=(l.O/vP)”(FUNL-FUNZ/FUNj)
RETURN

END

FUNCTION PMER(AMP 3 ANGP ¢ AMU s GAM)
PRANDTL MEYER EXPANSION ANGLE

AK=SURT((GAM=]1,0) /(GAM+],0))
FAMP=SQORT (AMP*AME=] . 0)
THETAP:ATAN(AK”FQMP)/AK-ATAN(FAMP)
FAMQ=SQRT (AMU*AMy~], ()
THETAO=A[AN(RK*FAMQ)/AK—ATAN(FAMU)
PMER=ANGP+ (THE TAU=THE Tap)

RETURN

END

SUBROUTINE ASTAR(MACHAREASGAM)
CALCULATION OF MaCH NUMSEK AS A FUNCTIUN OF a/ax
REAL MACH

FUNA(GoAM)=(2.0/(b’l.u)“(l.0*(b-l.U)/Z.O”AM”AM))*“
((6+1,0)/7(2,0%(G=1.0)))



Lao0zt Fuhd(G.AM)=AM*lZ.U/(U+l.0)*(l.0*(U—l.u)/Z.C*AM“AM))**

1 ((W.U—Gl/().U“(b-l.U)))
VIR YY) [TeEx=0
VTV FRRUR=0 L U000
L0033 16 [Ter=ls[Ter
00005 F=mACH=-FUYA (HGAMMALH) /AR A
J620m0 JFDMZI.U‘FHNm(hAH,MACH)/A«tA
w006 WACH=MACH=F ZUF D
600067 IF (ITeR JLT. 100 60 Tu ¢
S0y )l X173
5333;3 1?2 %;LkuiniF/nFUN/MAFH) LGT. ER<OK) GU Tu 10
Ju0103 1a rf TURN
wUQlUa )

FUNCTION P5I(GsalyDEL)

E SERIES FAPANSTON FuUv PRESSURE RaT U aCrO>> Ax uHL[QUE SHOCK
[
CJQdum EXP=T,0/7244
Gu0007 aMZ=AM]l#AM]
350040 Aa=AMPHAM2
o001l AMBZAMZ % AMG
c03013 AR =AaMa#aMs
(Ga01Ls HRETA=AMZ=1 40
GGoole Azlay
000017 H=REAMP/SURT (<ETA)
06060025 C:H“AMZ/(u.O*NE]u"*Z)*((G+l.v)*uWu-4.U*dtTA)
000034 U=G“AWR/HETA*”EAJ”((h0l.0)**5/Jd.u*AMd-(7.0018.096-3.0“0%5)/Bu.U*
1 AMnoE.o/a.uu(G»l.u)%amu-Awaoe.o/J.u)
500065 PolzhentirLsCHOELF e H¥DELYR S
nooore RETURN
600077 £ND
SUHROUTINE CUNE
C
C CALCULATION UF CONIC PLUG COaTOUX
C
00000¢ COMMUN X(P91C0) ey (2910 0) e (24100)sT (el
000002 COMMUN XSLP (100) «YSLE(L0U) s AMPCL0U) s THETACLOU) oPrP (LD s AMS (400 s
1 PHS(LO0) s ASASS (100 sDASUX(LD0) o ISLP
000002 COMMON XIS(21+2019Y15(21426) a8 (21)sTaU(26) 1NS>ONICINANGLE
000002 COMMON XSUNIC (261 s YSONIC(26) «PouNIC(£6) s TSONIC(20) « ISONIC
360002 COMMON XCONE (1001 s YCONE (100) +»COREC(LU0) « TCUNE (400} o ICONE
¢00002 COMMON X540 (105 o YSHAD (EO0 ) e DYSUALL00) e NSHD
000002 COMMON XBDY (100) s YROY (L1U0) oDYSOX1U0) oNBDY
£00002 COMMON NTFLOHSHP;TUSvTUPOHAMSvUAMPOFUNGvﬁMROANURvAPREFOASSAVin
1 XPRIMsYPRIMeAPKIMsDPRIMsCFLoCVL yCONASLBLY +DSHDSEND »
2 PAMA s YRATIOPT «CUNVASCONVRaFUTMeNDATASNSTUR
3 SULVEOCHUKE'CHANGEGCﬂARUtoTYPtvPOINTobTAn
000002 COMMON PT5(25) sAxkEA(2S) s Wi EARK (29 s TITLE (19) oNTTEeTHY
500002 NHDY =45
000003 Div=se4,0
000005 g==-TAN(CUNVR#CUNA)
w0001l AzDHOY /2D
G0d013 X)z=DP<IM/4 0
000015 XR==a/d
000017 NDELX= (XR=X0) /7DIV
200022 XADY (1Y =AD
300023 YeidY {1} =AeA#XD
000025 D0 1y [=2e¥BDY
600027 XHOY LTY=XADY (T=1) ki X
¢u0032 YSOY () =A% XY (1)
000035 19 ConTinNug
000037 R TU=N

0000w0 £y
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vaQ0u 7
L3007

Lu0v07
229067
REUNTINV
2edu?
20007
505007

vudoar
2060007

§02007
259007
Ju0007

330007
J4gall
GOQUlae
VG015
56001
430016
260027
$0003¢
cuQ0o4
SV0055
200064
J00073
300070
CG0101
w0010l
VGalee
Loolue
200113
JuQlle
CU0lay
Guvlel
600150
000157
C001l60

Gud0l1vu
¢G001v

240010
$C001v
202010
20001y
530010
adoolu

300010
JuGolv

OOe

D)

1

1
¢
3

1

SURRUUTINE FIMO(XFeYPaYPUKA s SURF)
LOCATION OF SHrOUD CONTOU~ POINT

COMMON X {24 100) oY (2e100) 9P (29100 sT (100}

COMMON XSLPCLU0) o YSLPCLO0) oA 4P (10U s TAETACLOU) sPHP (LOU) s AMS(100) »
PHSCL00) «aSASS (LU0 sDASUXLLUG) » ISLP

COMMON XI>(20026)9Y15(21e26) 9w (2]1) 9 TAU(Z6) «WwSONICyNANGLE

COMMUN K3ONIC 260 9 YSUNIC (P6) «PSONIC(26) « TSONIC(Z20) » ISONIC

COMMON XCONECLOD) o YCUNE (10U) »PLONE(LJ0) s TCONE (L0G) o ICONE

COMMON XSO CLO0) s YSHOCL0U) sOYSUX(L00) 9nSHY

COMMON X307 (100 «YsDY (100) *YRUK(LOU) snBUY

COMADN NTFLCHSHPQTUbafOPoUAWb;UAMHvFUNGsAMR,ANUR;APREFvASSAPS;
XPHIMe T ]mMe A RIMsUFRIMsCFLICVLsCONASUBUY s DSHD 9 ENU s
PaM3 e YRATIOWPT s CONVASCONVRIFIDIMyNDATASNSTUR o
SULVE s CHORE s CHANGE s CHARGE « TYPE s POINT o ST AG

COMMON PTS{25) s At (22} vlLEAR(ZS) o TITLE(LS) sNITERS TRY

FORAAT (IH1s//737Xs53r5HR0OUD POLINT (XAP) LIES QUTSINE RANGE OF INPUT

CONTOURZ /)

U2 FORMAT (//724K4SHX5HU (L) ZFB.51 15K s4HAP =FH .S 19Xe 1 2HXSHD (NSHD) =F~

len//)

ola FORMAT (Lals//384e51A10uY PUINT (AP) LIES OUTSIDE RANGE OF INPUT C
LONTOURZZ)

AUn FORMAT (/7260098 XB0Y (1) =Fr.SeloXeaHAR =FH.5915X9 12HXBDY (NHOY) =Fx
La3/7/)

172

1%

1R

20

U e

IF (SURF JEN. 140} GU TU Lo
IF (WoHD o53T. 1) 6O T Lo

YR=YSHU (1)

DYPDX=) U

G Ta 20

[F (AP J6F. XSHU(L) <anNDe XP L LE. XSHU{NSHD)) GU TO 12
NITE {hes0D)

ARITE (Aenl”) XSHD (L) e XP e ASHD INSHU)

CalLL EXIT

CALL STHTP (ASHI) s YSHO s NSHU s APy YH)

Call SINTE(XSHUSDYSDXAsNSHDs X sUYPUR)

GO0 Tu 20

IF (wBOY (6T, 0) GU Ty 1n

YHF=0.0

DYPDX=0,0

GO TO 20

IF (XP LGEe XSDY{L) <aiNUe XP oLbe XBUY(NEBUY)) w0O TO 18
NRITE (henla)

WRITE (A9h06) XoDY (L) e XP e XBNY (NsSDY)

CALL EXIT

CALL SINTV(XHUY;YHUY»MGUY,KPvYH)

CalL SINT2(XBDYsDYSBUXAsNB0Y s XPsUYPUX)

HETURN

D

SUBROUTINE AJAX{XP3YPsALPHAY ASECYDADX)
CALCULATION OF FLOW AREA IN SECONDARY PASSAGE

COMMON X(2¢100) oY (2olU0) sP(24100)9T(29100)

COMMON XSLP(IUO)-YSLP(LUODsAMP(lou)qTHETA[100)'PHP(ioo)sAMS(loo)-
PHSUI0G) 9ASASS(1U0) «DASUX(100) » ISLP

COMMON KIb(?lthlsYIb(dlyZb)qw(al)nIAU(E&)oNbONIC-NANGLE

COMMON XSUN[C(BO)-YSUNIC(Z@)vPbUNIC(Eb);fSONIC(db)vISONIC

COMMON xCONE(lOO).YCUME(luﬁ).PCUNE(lOO)sTCONt(LOO)'ICONE

COMMON XbHO(lOO).YbHU(IUU)-UVSUA(lOO)'NSHU

COMMON XY CLGC) « YUY (L00) sDYSUK(LU0) o NBDY

COMMOYN WTFLthHP-TUboTUPvGAMbobAMPOFUNG!AMROANUHsAPREF;ASSAPSQ
xwu[m.YP«]M,AvwlM-OPR1M-CFLaCVL'CONA-bnuY.DSHDoﬁNU-
°A4HvYPA1IUoPIvCUNVAvCuNVHvFUIMoNUATAvafopo
SOLVE s CHOKE s CHANGE ¢ CHARGE s TYPE ¢ POINT » STAG

COoMMON PTS(ES)oﬂka(Zﬁ)swLEAK(ZW)vTIILE(lH)oNIIERsTHY

COMMQN/«NLY*/xbUM(ldu)vYSUM(lOU)vU&LbHU(IUUJ-TﬁETAS(lOO)v



000010
000017
¢00017

000017
000021
000022
000022
060024
000025
000030
000035
000043
000045
0000406
000047
000053
000064
000066
000074
200076
000114
000124
000126
600131
000136
000140
000145
000147
c001l60
000177
000221
000221

000010

000010
000011
000014
000016
000020
¢ooo021
600023
000027
000031
000040
000044
000046
000047
000050
000051
000051
000053
000054
000056
000057
000060
000064
000066
000073
000075

leNoXe]

500
o2

10

12
14

10

12

1 CFSHD(100) ¢ XCNE(100) 9 YCNE (1UU) yUELCNE(L100) « THETAC(100) »
2 CFCNE(100) ¢ REYPRMaPUP s AURP s VUP s REYSECYPOSs A0S s VOSIPEX e XSCALE
AVE (X1 X2)=(X1*+X2) /20

FORMAT (lHLe//28r918A4s//)

FORMAT (25X¢5SHUNABLE TO OHTAIN CUONVERGENCE IN SURROUTINE AJAXs XS
1LP =FB.SedHs YSLF =F8,.5)

I=ISLP

1TER=0

ALPHA=0,0

ERROR=0,0005

XP=XSLP(I)

DYPDX=TAN(THETA(I))

CALL FIND(XPsYPyne2.0)

IF (ISLP JEQ. 1) PEST=0.0

ITER=1+1TER

XREF=XP

YREF=YP

B==1,0/AVE (A4 DYPDX)
XP=(YSLP{I)~YREF+A#XREF=8#XSLP (1)) / (A=-B)

CALL FIND(XPsYPesAs2,0)

TEST=ARS(YP=YREF)

If (ITER LLT. 100} GO TO 12

IF (PEST +EQe 040) WRITE (69600) (TITLE(K)s» K=i912)

WRITE (69602) XSLP{ISLP)»YSLP(ISLP)

PEST=1.0

GO TU 14

IF (TEST 6T. ERROR®YP) GO Tu 10

CALL SHLYR((DDSDX)

YP=YP=DELSHD (ISLP)

A=A=-DDSNX

ALPHA=ATAN(AVE (A4DYPDX))
ASEC=(YR#YP##FDIM=YSLP (1) #YSLP([)#*FUIM) /COS (ALPHA)
DADX=(1,0+FOIM) # (YP##FDIM*A-YSLP (I)*#FPIM*DYPDX) /COS (ALPHA)
RETURN

END

SUBROUTINE SPLINE {(XsYeNeSLOPESDUMMY)
CALCULATION OF FIRST AND SECOND DERIVATIVES

DIMENSION X{(100)+Y(100)9S(100)+A{100)+8(100)+C(L00)+F (100)>W(100),
1S3(100)9G(100) +EM(100)sSLOPE(100)

VO 10 I=2sN

S(1¥= X{(I)=X(I~1)

CONTINUE

NO= N=1

DO 12 I=2,N0O

A(I)= S(I)/6.0

B(I)= (S(I)+S(I+1)) /3.0

ClI)= S(I+1)/6.0

FOII= (Y(T«D)=Y (I /S{I+)=(Y(L1}=Y(I-4)}/S(])

CONTINUE

A(N)= =.5

B(l)= 1.0

B(N)= 1.0

C(ly= =5

F(l)= 0.0

F(N)= 0.0

wil)y= 8(1)
SB(l)y= Cthswil)
G(l)= 0.0

DO 14 I=2sN

W(I)= 8(I)=A(I)#SB(]I-1)
S8(I)= C(I)/W(I)

G(I)= (F(D=A(D)#G(I=1))/w(])
CONTINUE

EM{N)= G(N)
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72

200076
300100
600102
0090107
000112
000123
000125
000137
000143
000144

000010
GoQo10
co0011
00013
000014
600016
000022
000024
000027
000032
000035
000036
000041
000043
000045
000047
000054
000064
000100
000103
000115
000115
000117
000120

000005
000005

000005
000005
000005
000005
000005
000005

000005
000005
000005
000005

000005

aoo

OO0

16

18

10

12
14

DO 1v I=2sN

K= N+1-1

EM(K)= G(K)=SHBIK)HEM(K+]1)

CONTINUE

SLOPE(1)= =S(2)1/6.0% (2JU%EMIL)+EM(2))+(Y(2)=-Y(1))/S(2)

DO 18 I=2sN

SLOPE (I} = S{I)/6,0# (2 0%EM(D) «EMII~-1) )« (¥ (D) =Y (I=1))/S(])
CONTINUE

RETURN

END

SUHBROUTINE SINTP(XsYeNeXiseYl)
INTERPOLATION SUBROUTINE

DIMENSION X(100).Y{100)

ERROR=0,0001

AMIN=100.0

DO 10 I=1eN

DELX=X1=X({I)

IF (ABS(UELX) +LT. ERROR) DELX=0.0

IF (DELX +LT. 0.0} GO TO 10
XMIN=AMINIL (DELX 9 XMIN}

IF (XMIN LEQ. DELX) K=I

CONTINUE

IF (XMIN LEQ. 040) GU TO 12

IF (K LEQ. 1) K=K+]

IF (K JEW. N} K=K-1

DELX=X1=X(K)

A=Y (K)

D=A(Y(K) =Y (K=1))/(X(K)=X(K=1))

H=(D+ (Y(Ke1) =Y (K)) /{X(K+L)=X(K}))) /240
C= (Y (K+1} =Y (K))=B¥ (X (K« 1) =X(K)) I/ (X (K$]1)=X(KI)H(X(K+])=X(K=1}))
IF (DELX JLTs 0.0) 8B=D

Y1=A+B8# (X=X (K) ) +C¥ (X1=X(K) )} #(X1=X(K=]1))
GO TO 14

Y1=Y(K)

RETURN

END

SUBROUTINE COMP(K&4sSK[P)
COMPLETION OF FLOW FIELD FOR AN EJECTOR WITH A CENTERBODY

COMMON X(25100)sY(25100)+sP(25100)+T(24100)
COMMON XSLP(100)+YSLP(100)+AMP({100) » THETA(100)sPHP(100) »AMS(100) s
1 PHS(100) sASASS(100) +DASDX(100) 4 ISLP
COMMON XIS(21926)9sYIS(21926) +W(21)sTAU(26) +NSONIC+NANGLE
COMMON XSONIC(26)+YSONIC(26) «PSONIC(26) 9»TSONIC(26) s ISONIC
COMMON XCONE(100)sYCONE (100) sPCONE (100) «» TCONE (100} 9 ICONE
COMMON AS5HD(100) +»YSHD (100} sDYSDX(100) ¢ NSHD
COMMON XBDY(100) sYBDY(100)sDYBDX(100) «NBOY
COMMON WTFL «HSHP+TOSeTOP s GAMS s GAMP s FUNG s AMR 9 ANGR s APREF s ASSAPS »
XPRIMs YPRIMs APRIMyDPRIMsCFLCVL s CONASsUBUY sDSHD sENDy
PAMB s YRATIOsPI +CUNVA9CONVRIFOIMINDATASNSTOP
SOLVE s CHOKE » CHANGE »CHARGE s TYPE s POINT+STAG
COMMON PTS(25) yAREA(25) s WLEAK(2S) s TITLE(18) o+NITER, TRY
COMMON/QUTPN/IPNCH s IPRNT » [ COMP
REAL K4
DIMENSION C(16)sD(b)

W

SUBROUTINE COMP

DO 8 K=14100



0400006
0goolo
000011
000013
000014
000017
000021
0600024
500026
0060063u
000032
000034
300041
000044
000051
000057
000065
009067
600074
603076
200077
009102
000104
660105
000107
¢oo0l22
v00l24
000120
000135
000140
000142
060152
000160
000165
060171
000175
000200
¢o00207
000211
900212
000214
000216
600217
060224
000231
0600232

000002
0090002

0090002
040002
003002
000002
e000u2
000002

000002
200002

OO0

10

12
14

16
14

20

1
2
3

3

2

X(29x)=0,0

Y(2exK)=0,0

P(2+K)=0.0

T(29K)=0.9

IF (P (lsK) GTe 0.0) J=K

CONT INUF

IF (XSLP(ISLP) JLT. END)Y GO TO 10
DELA=END=XSLP (ISLP-1)

OX=XSLP{ISLPY =XSLPISLP=-1)
DY=YSLP(ISLP)=YS5LP (15 P=-1)

DP=PHP (ISLP) =PHP {ISLP=-1)
DT=THVTA(ISLP)=THETA(ISLP=1)
XCleJ)=XSLP(ISLP=1)+DELX

Y(1sJ)=YSLP (ISLP=1)+uY/DX*DELX
P{leJ)=PAP (ISLP-1)+DP/DA*DELX
T(leJ)=THETACISLP=1) +DT/0OX®OELA
XCOMP=XSLP (ISLP)

IF (NBOY ,GT. 0) XCOMP=XHDY (NBUY)

DO 16 I=1+100

CALL BOUND(2)

DO 12 J=34+100

IF (P(led) EGe 0.0) 60O TO la

CALL FIELDC(D)

CalLL CHECK (JeSHOCK)

IF (X(24J4) oGT. XCOMP LOR, SHOCK JEu. 1.0) GO TO la
CONTINUE

CALL CLEAR(LsJ}
RADIUS=SORT((X{142)~Xt(1el))#22¢(Y(1le2)=Y(Llsl))*#2)
NSERT=RADIUS/K4

IF (P(1+2) +EQe UsU) NSERT=0

IF (NSERT +GE. 2) CALL INSERT(NSERT-1)
IF (SKIP LEQa. le0) CALL OQUTFLD(1)

IF (IcOoMP EQ. 2) CALL PrOFLE
XTEST=X(1lel)+2,0%(X(1e2)=X(1s]1))

IF (X(lel) +GTs xCuMP) GU TO 18

IF (XTEST «GT. XCOMP) GO TO 18

IF (X(1s2) oGFEs XCUMP LOR. P(ls2) «EW, 0.0) GO TO 18
CONTINUE

IF (NBDY LEQ. 0) 6O TO 20
ICONE=TCONE+1

XCONE (ICONEY=xBDY (NBDY)

YCONE (ICONCZ)Y=YRUY (NHBDY)

PCONE ( ICONE) =PCONE (ICONE~1) +0P/0X¥ (XCUNE { ICONE )} =XCONE (ICONE-1))
TCONE (ICONE) =ATAN(DYHBOX (NBDYY)

RETURN

END

SUBRQUTINE PROFLF
COMPUTATION OF INITIAL VELOCITY PRUFILE

COMMON X(29100)9Y(29100) 9P (291U0)sT(2+100)

COMMON XSLP(100) +sYSLFP(100)+AMP(100) o THETA(L00Q) +PHP(100)+AMS(100)
PHS(100) 9ASASS(100)+DASDX(100)+ISLP

COMMON XIS(21426)9YIS(21026)sW(21)9sTAU(26) +NSONIC+NANGLE

COMMOUN XSONIC(26)+YSONIC(26) 9PSONIC{(206) ¢ TSONIC(26) s ISONIC

COMMON XCONE (100) «YCONE (100) +PCONE (100) » TCONE (100) ¢ ICONE

COMMON XSHD(100) s YSHO(100) 9OYSUX(L00) ¢NSHD

COMMON XBDY(100) »YBOY(100) sDYHDX(100) oNHDY

COMMON WTFLsHSHP s TUS» TOPsGAMS s GAMP sFUNGs AMR s ANGR 9 APREF s ASSAPS
XKPRIMy YPRIMsAPRIMsOPRIMICFLICVLICONASDBUY 2DSHOEND s
PAMB s YRATIOWPI ¢CONVA+CONVRsFDIMeNDATASNSTUPR
SOLVE « CHUKE ¢ CHANGE « CHARGE « TYPE « POINT s STAG

COMMON PTS(25) sAREA(ZS) s WLEAK(ZS)Y o TITLE(18) sNITERTRY

COMMOUN/BNLYR/ZXSUML00) s YSUMUL100) »DELSHO (100 s THETAS(100) »
CFSHO(100) + XCNE(100) 9 YCNE(100) yOELCNE(100) o THETAC(10U)
CFCNE (100) s REYPRMePOP 9 AUP s VUPsREYSECsPOS9A0Ss VOSIPEX s XSCALF
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74

Gi1000¢
Gooove
vJ000<
w0V
2000¢e
Jeo02e

000022
000023
Jud02s
600027
030031
660034
Go0037
CG0040
60004l
000040
630051
GG2053
000004

030075
€Coi00
300101
uudloa
000110
000115
cuglzl
Quoles
6éol3e
G00136
000142
060143
Cu0is5l
060152
60016l
300163
000179
360172

300204
¢30210
000213
wuoals
(00217
060232
000234
000234
000237
000240
000246
060253
GJd02s4
000270
600274
000300
000307
000314
000326
000336
060345
000340
000352
000354
000355
60357
060360
030363
000360
020307
000373
Coo377

o000
nN2

10
172

14

16

18

20

22

24

COMMON/PRFLR/XPRF (5) s YPRF (64925) ¢ UPHE (64¢5) s NERE (b) s MAX s NMAKX
COMMON/OUTPN/IPNCH ITRRNT s ICUMP

DIMENSION CUllh) s (o) s YWALL (1D e)
FUNMIGePHY=SURT (#,0/10=1,0) #(PH¥* (= (G=1,0)/06)~1.0))

FORMAT (1Als//27Xx918AGe/ /)

FORMAT (20Xe3HI =I395A93AJ 135X sYHAPKRF (1) =FB8e9¢5Xs 1 IHYPRF (19 J)
1=FB.5e5Xs LIHUPKF (Toed) =FH.YS)

AAX=H

NMAX=25

STERP=MAX-|

IF (XPKRF({6) tUe 0a0) XPRF(b6)=END
DELX={APRF A =XPRF (L)) /5TLP

IF (ISLP .GT. 2} GU TOU (2

DO 10 I=1lsMAX

NPRF (1) =0

IF (1 6T 1} APRFOIY=XPREF(I=1) +DELA

CONTINUE

DY 26 I=leMAX

IF (APRF (I} LFQe 0,0 JOKe NPRF(I) LEW, NMAX) GU TO 26

IF (XKPRFA(I) oLTe XSLPISLP=1) UK. XPRF (I} «GTe ASLP(ISLP))
1 GO TO L4

IF (NPRFIT) J6Te U) GU TU L6

NPRF (1) =3

CALL FINUCXPRF (L) s YWALL(Es1)sOYWUX91,0)

CALL FIND(XPRF (I} s YWALL(L92)9DYWDX92,0)
DYOX=CYSLPEISLPY=YSER (ISLP=1)) /7 (XSLP CISLP) =XSLF(ISLP=1))
DPDA=APHP (ISLRP) =PHP (I SLP=1)) / (XKSLP (ISLFI=XSLFP(ISLP=1))
DTDX=(THETA(ISLPl-THtTA(I:LP-l))/(XSLP(ISLPI-xbLP(ISLP-l)>
YRREL=YSLPAISLP=1) +0YDX* (XPRF (1) =XSLP (ISLP~1))

PPRE=PHP (ISLP=1) +DPUX# (XPRF (1) =ASLPISLP-1))
TPRF=THETA(ISLP=1) +DTDX# (XPRF (1) =XSLP(ISLP~1))
YRPRE(Is1)=1.0
YPRF(I-?):(YPRFL-YWALL(Ivl))/(YwALL(IyZ)—YwALL(Ivl))

YPRF (Is ) =YPRF (142)

QPRF (I 91) =FUNMIGAMS ¢ PPRF /PTS{NITER))

UPRF (192)=0PRF (141)

QPRF (19 3) =FUNM(GAMP s PRRF)

IF (ICOUNE LEQ. 1) GO TO leo

[F (XCONE(ICONE-1) olLre XPRF (1)} ANUe XCONE (ICUNE) oGE e

1 XPRELIY)Y GO To 22

IF (XCONE(ICONE-1) +GTs xPrRF(I}) GU TU 26

IF (XPRF(T) oLTe X(lal)) GO TO 26

DO 18 JU=24+100

IF (P({leJd) JEQ. 04U} 6O TO 26

IF (X(leJd=1) oLE. XPRF(I) JANDe AX(lsd) +GE. XPRF(I)) GO TQ 20
CONTINUE

GO TO 26

NPRF{I)=1+NPRF ()

IPRF=NPRF ()

DYDX=AY (L) =Y (Lad=1))/(XK(Lod)=A(LsI-1)})
DTOX=AT(lad) =T (Llod=1))/(X(LoJd)=X{Ltsd=1))

CALL COAVE(XAVEsYAVEsPAVE s TAVEsled=1lslsd)

CALL COEFF(XAVE*YAVE+PAVE s TAVEYCoeHAMP)
DU3)=1,0/7(C(3)=#C(5)=*C(T)

V(D) =FDIM2C(NHC(LL)/(C(13)#C{15))

YORFL=Y (Lo Jd=1) +DYDX®(XPRF (1) =X(1lsd=1))

TPRE=T(lod=1) +DTDX#(XPRF () =X(lsd=1))

PPRE=(D () #P (1ad=1) = (TPRF=T(lod=1) ) =D(S)# (YPRFL=Y (1sJ=-1)))/0(3)
YPRF(I'IPRF)=(YPRFL—YMALL(Ivl))/(YWALL(Iv2)-YwALL(ly1))
WHRF (I 9 TPRF)=FUNM(GAMP ¢ PPRF)

GO TU 26

IF (ICONE +6T. 2) 6O 0 24

XCONE (1) =XSONIC(NUATA)

YCONE (1) =YSONTIC(NDATA)

PCONE (1) =P5ONIC(NUATA)

TCONE (1Y =TSONIC(NDATA)

IF (XPRF () JLT. XCUNE(L)) GO Tu 26

NERF ([)=1+NPRF (1)

IPRF=NPRF (])
DPDX=(PCONE(ICUNF)fPCONE(ICONE—l))/(KCUNt(ICONE)-XCONE(ICONE-I))
DTDK=(TCUNE(ICON£)-TCUNt([CONE-l))/(KCUNE(XCUNE)-XCONE(ICONE-I))
PPRF=PCONF(ICONE-1)*UPDX*(XPRF(I)-XCUNE(ICUNt-l))



300404
000«410
000413
CJ0u2e
$004c¢5
0004cH

¢ogo00e
fugoue

600002
600002
G0J0ve
000002
G3000¢2
900002

600002
000002

000002

300033
000052
0GQ066
000102

000133

000141
00014l
000141
00014l
0001sl
000141
000141
00014l
000141l

000141

00014l

000141
000143
000144
000146
000150
000156
000157
000162
Co00lee
000171
Q00173
000205

oo0

leNeoNeNe!

ds!

600
602
604
n06
608
009
510
nle
~1A8

520

622

TeRF =TCONE (ICONE=1) +DTDA® (XP=F (1) =XCUNE (ICUNE=1))
YORF (14 IFRFI=D.Y

WPRF (T« [PRF)=FUNM (GAMM e PPRF)

CONTINUE

RETURN

EnND

SUBROUTINE PERF
CALCULATION OF PERTINENT EJECTUR PARAMERERS

COMMON X (29100) Y {29100) eP (241U 9T (2+100)

COMMON XSLP (10G) «YSLP (100) +AMP (100) s THETA(100) sPHP (L00) sAMS(100) »
1 PHS(LO0) 9ASASS(LU0) sDASUX(LO0) s [SLP

COMMON XIS(Z2Lle26)9YI(2Le26) 9w (21) sTAU(26) sNSONIC+NANGLE

CUMMON XSONIC(26) s YSONIC{26) «PSONIC(26) s TSONIC(26) 9 ISONIC

COMMNN XCONE (1001 9 YCONE (100) ¢ PCONE (LU0} 9 TCONE (100) ¢ ICONE

COMMON XSHD (1001} 9 YSHU(2U0) »OYSUX(L00) ¢ NSHD

COMMON XADY (100 s YaDY (100) sOYHUX(100) oNBODY

COMMOUN WTFLsHSHF s TOSs TOP s GAMS s GAMP s FUNG 9 AMK e ANOR s APREF s ASSAPS«

i XPRIMyYPRIMyAPRIMyDPRIMyCFLICVLsCONASDBLUY sDSHOSEND s
PAMB s YRATIOsP 1 s CONVASCONVRsFUIMINDATAINSTUR
3 SOLVE » CHUKE ¢ CHANGE + CHARGE s TYPE s POINT#STAG

>COMMON PTS(25) s AREA(25) sWLEAK (29 o TITLE(18) sNTTERTRY
COMMON/BNLYR/XSUM(100) »YSUM(4100) +DELSHD (100) +THETAS(100) »

1 CFSHD (100) » XCNE (100) o YCNE (10G0) sDELCNE (100Q0) « THETAC(100)

2 CFCNFE (100) sREYPRM4POPsAOP s VUP s REYSEC»POS9A0SsVOSIPEXs XSCALE
FUNA (GoAM) = ((G+1,0)/2.0) %8 (~(6+1,0)/(2,0%(6=1.0)))%L.0/AMR(1,0+

1 (=140) /2. 0%AMEAM) #¥ ((G+1a0) /7 (2.0%(0=140)))

FUNM(GePH)Y=SART(240/ (5=140) # (PH#E (=(0L=140)/G)}~140))

FUNP (GsAM) = (1, 0+ (6=1,0) /2, 0%AM*AM) ## (=G/(G=1.,0))

FUNV(GeAM) =SURT (AM#AM/ (1,04 (5-1,0)/2,0%AMEAM) )
FINDEAL(GsPH)=SURT (2. 0#G#G/(G=1.0)%(2.0/(6+1,0))##((6¢1.0)7(G~1,0))
1 # (1, 0=PH¥# ((G=1,0)/G)))

AVE (X1 e X2)=(X1+X2) /240

FORMAT STATEMENTS

FORMAT (//37Xe31HNOZZLE PRESSURE RATIOy PTP/PO =F10.5)

FORMAT (//37Xs36HPRIMARY STREAM THRUSTs FP/(PTP#AP) =F3.6)
FORMAT (//37Xs38HSECONDARY STREAM THRUSTs FS/(PTP#AP) =F9.6)
FORMAT (//37TX+41HPRESSURE FORCE On SHRQUDe FSHL/(PTP#AP) =F10.6)
FORMAT (//37X+39HPRESSURE FORCE ON BOOYs FBDY/(PTP#AP) =FG,6)
FORMAT (//37X+36HSKIN FRICTION DRAGs FURAG/(PTPH#AP) =F9.6)
FORMAT (//37X+34HTOTAL STREAM THRUSTs FT/(PTP#AP) =F9,.6)

FORMAT (//37X+3BHGROSS STREAM THRUSTs FGROSS/(PTP#AP) =F9,0)
FORMAT (1rAls//49xXs30HEJECTOR THRUST CHARACTERISTICS/49Xe30Hu#Ea084
| eueR st RED BB BREL LGS ES)

FORMAT (//26Xs6HPTP/P0sBRs6HFGROSSe 10X s3HFIP s 11Xe3NFISe1IXs
13HCVPs11Xe2HCV)

FORMAT (19Xs6F14.5)

SUHRQUTINE PERF

cPL=1.0

IREF=ISLP

CFI=0.003

PRES=FUNP (GAMP s+ AMR)

FR=PRES# (| ,0+GAMP#*CFL*CVL*AMRZAMR)

IsLP=1

CALL FINOD(XSLP (1) +YWALL»DYWIXe2,0)

CALL AJAX(XSECeYSECALPHA9AREF 9DADX)

IF (REYPRM LEQ. 0.0) YSUM(L)=YwALL
YWALL=YWALL-DELSHD (1)
ASEC=(YWALL®YWALL*#FDIM=YSL¥Y (1) #YSLP (1) ¥#FUIM) /APRIM
IF (ASSAPS «GTe 0.0) ASASS(1)=aSEC/APRIM®=APREF/ASSAPS

5
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G30211
500215
030222
tuo22e
£o023l
$dy23e
ceea23r
C302uu
60024l
CN0242
050240
309251
$00254
60321
(00267
Q00272
000275
0002706
£G60300
000302
600312
03032«
000320
050332
000334
300336
500340
00034l
v00343
200346
000351
600355
000360
000361
000364
6603606
C00400
000ale
CO04lw
060420
000422
00042«
(00426
000433
600430
000404
200447
C0Cusl
€004as57
000465
000473
000501
coo507
000515
000523
000531
000535
C00541
€00543
000544
J00546
€o0547
000551
003557
200562
000573
300576
300600
330602
600603
060623
000625
du06l6e

10
12

la
16

18

IF (WTFL «6T. 0.0) CALL ASTAR(AMS(L) sASASS (1) yLAMS)
PHP (1) =PTS(NITER) #FUNP (GAMS s A1 (1))
ANGSEC=AVE(THETA (1) s ATAN(UYNUX) )
AMSEFC=AMS (1) #COS (ANGSEC)

FS=PHP (1) % (], 0+GAMS#AMSECHAMSEC) #CHL¥ASEC
FSHD=0,0

FRDY=0,0

FORAG=0,0

DO 10 I=2sIREF

IF (REYPRA EQe 040) CALL FIND(XSLP(1)sYSUM(I) sDYWDKs2,0)
AQVE=AVE (XSLP (D) o XSLLP(I-1})

YAVESAVE (YSUM(T) aYSUM(I~-1))

IF (XSLP (1) JLEs XSEC) PAVESAVE (PAP (L) «PHP (2))
IF (XSLP(I) «GTe XSECY PAVE=AVE(PHP (1) 4PHP(I=1))
CFAVE=AVE(CFSHD (1) «CFaHU(I-1))

AMAVE=AVE (AMS(IYsaMS(I-1))

AMSYTAMAVE #AMAVE

DX=XSLP Iy =X5LP(]-1)

DY=YSUM(I)=YSumM(]=1)
OA:(VSUM(I)“YSUM(I)”“FUIM-YSUM(I-I)*VSUM(I-l))/APRIM
DS=YAVE##FIIME¥SQRT (UX#DX+UYH*)Y) /APR]I @
PDA=RPAVE #D4

DRAG=CFAVE#GAMSH#HUAVE#AMSD%DS
FSHU=FSHO+POA

FORAG=FIIRAG+DRAL

CONTINUE

IF (NBDY .EU, () GU TO leb

DO 14 I=2+ICONE
YAVE=AVE (YCONE (1) o YCUNE ([=1))
PAVE=AVE (PCONE () «PCONE(]~1))

AMAVE =FUNM(GAMP s PAVE)

CFAVE=AVE (CFCNE(L) +CFCNE(1=-1))

AMSW=AMAVE #*AMAVE

OX=XCONE(I=1)=~XCUNE (1)
DY=YCONE(TI~1)~=YCONE (I)

DA=(YCONE (I=1)#YCONE (=11 #«FDIM=YCONE (1) #YCONE (1) #«FQ{M) JAPR]IM
DI=YAVE##FDIMUSORT (DXRDX+0YH#Y) /APRIM
PDA=PAVE*)A

DRAG=CFAVEH*GAMP#*PAVE #AMSU#[S
F3DY=FRBOY+PDA

FORAG=FDORAG*DRAG

CONTINUE

FTOTAL=FS+FP+FSHD+FBUY~FURAG

CALL FIND(ENDeYF«DYPDXsZ2,0)
AEXIT=YPHYP#RFDIM/APRIM

FGROSS=FTOTAL=-PHP (IRFF)*AEXIT
HPRPO=1,0/PHP (IREF)

WRITE (6,600) HPRO

WRITE (hebd?2) FP

WRITE (64604) FS

WRITE (Heb06) FSHD

WRITE (64608) FHDY

WRITE (64909) FUKAG

WRITE (6e6l0) FTUTAL

ARITE (Hehl2) FOROSS

WRITE (Ae6H18)

WRITE (6eh20)

HPPO=1,0

DO 158 I=2+40

HPPO=1,0++4PPR0O

POHP=1.,0/HPPO

POHS=POHP/PTS(NITER)
FIP=CFL*FIOEAL{GAMPSPUHP) /APREF

IF (POHS GE. 140) FIS=0,0

IF (POHS otTe 140) FIS=PTISINITER) #ASSAPSH#F IDEAL (GAMS yPOHS) /APREF

FGROSS=FTOTAL=POHPHAEXIT

IF (FGROSS JLT. 040) GO TO Ix
CVI=FGROSS/(FIP+FIS)

CVP=FGROSS/F 1P

WRITE (69522) HPPOWFGROSSsFIPFIS»CVP,CV]
CONTINUF

RE TURN

END
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SUARQUTINE OUTSLE
VRITE—-0UT UF PERTINENT INFORMATIUN IN SECONUARY FLOW FIELD

COMMON X210 ey (2 00) s (221U T(esi00)

COMMUN XDL“(IUO)-VbLV1luﬂ)vAMP(lUU)OTHETA(AOU)OPHP(LOU)OAMS(IOU)O

1 PHS (100) +ASASS(100) »0ASLX(100) +ISLP

COMMUN X1S(21lech)oYIn(2Llel26) sw(21) s TAU(Z26) sNSONICHNANGLE

COMMON £SONIC(£0) « YSONIC(26) «PSUNIC(26) s TSUNLC (20) 9 ISONIC

COMM N XCONF CL00) « YCONE (LOU) $PCONE (100 s TCOUNE (1001 » ICONE

COMMON XSHDCLOC) «YSHUCLOU) «DYSUXCLU0) o NSHD

COMMUN XHOY(100) « YHOY (LU0 sUYHBUX (100} sNBOY

C{OMMON WTFLnHSHPoTUbQrOPoGAMvaAMP'FUNGOAMRQANbN!APREFQASSAPSO
XHR]WOYPKIMQAPHIMQUPH[MOCFLQCVLOCONAOUHUY905HDOENU0
PAVUQYQATIUQPIcCUNVAcCONVHvFU[MyNDATAoNbTUPv
SOLVEOCHUKEQCHANhEvCHQRhECTYPtcPOINTvSTAG

CUOMMON PTS(29) sAREA(22) s WLEAK (25 s TITLE(LB) sNITERSTRY

COMMON/ZOUTPN/ZTIPNCH [PRNT 1COMP

FUNA(GvAM)=((G*l.0)/8.0)*“(-(G*l.ﬂ)/(z.o*(G-l.U)))“l.O/AM“(l.OO

1 (G=1el1) /24 UFAMBAM) ## ((G+140)/(2.0%(6=1,0)))

FUNM(G.PH):SURT(?.0/(0—1.0)“(PH““(-(G-l.O)/G)-l.U))

- =

FIRMAT STATEMENTS

FORMAT (lHle//28xe1BAGs//)

FORMAT (25K +e6HWTFL =F3.69oXe THWLEAK SFY,695XsYHPTS/PTP =F9,6+5Xs
18HAS/ASH =F9I,.6)

FORMAT (//QZOXoQHXSLPoHX9&HY5LPvHXvJHAMP’HXvSHTHETA!7X05HP/PTP!BK9
1 IHAMS o HX e 5HP/PTSe 7TXeb6AAD/ASH)

FURMAT (13XeBFle.5)

FORMAT (//3TXe45HSECONDARY CORRECTED wEIGHT FLOW RATIOs WTFL =

1 tG.6)

FORMAT (//37X+61HSECONDARY TOTAL PRESSURE RATIUS PTIS/PTP =F9.6}
FORMAT (//37Xs40HSECONDARY CRITICAL AREA RATIOs ASH/APY ZFT.6)
FORMAT (//37Xs3BHPRIMARY NOZZLE FLUW COEFFICIENTs CFL =F8,5)
FORMAT (//3TXe42HPRIMARY NOZZLE VELOCITY COEFF1ICIENTs CVL =FB8.5)

SUHROUTINE OUTSLP

IF (XSLP(ISLP) JLE. END) 0 TO 8
RATIOQ=PHP (ISLP) /PHS(ISLP)

DA=SXSLP (ISLP) =ASLP{ISLP=1)

DY=YSLP(ISLP)Y=YSLP{ISLP-1)

DP=PHP (ISLP) =PHP (ISLP=1)

DT=THETA(ISLPY=THETA(ISLP-1)

XSLP(ISLP)Y=END
VSLP(ISLP)=vsLP(1SLP—1)~(uY/uX)é(xva(lsLP)-KSLP(ISLP-l))
PHP LISLP) =PHP (ISLP=1) + (UP/DX) # (XSLPLISLPI =XSLPLISLP=1))
THFTA(ISL9)=THETA(ISLP—1)4(DT/DK)”(XSLP(ISLP)-KSLP(ISLP-I))
AMP (ISLP) =FUNM(GAMP «PHP (15LP))
PHS(ISLP)=PHP (ISLP) /HATIO

AMS (ISLP) =FUNM(GAMSsPHS(ISLP))

ASASS (ISLP) SFUNA{GAMSsAMS (ISLP))

CALL SHLYR((DDSDX)

WRITE (69600) (TITLE(K) s K=1elb)

WRITE (Hen02) WIFLsWLFARI(NITER) »PTSINITER) s AREAINITER)
WRITE (6+604)

DO 12 I=1+1I5LFP

IF (I oLE #5 «OK. I GE. 47) 06U TO L@

WRITE (64600) (TITLE(K)s K=1918)

WRITE (heb02) wTFL9WLEAK(NITER)oPTb(NITER)oARﬁA(NITER)
WRITE (6s604)

ANGLE =CONVA*TRHETA(])

WRITE (heb06) XbLP(I)beLP(I),AMP(I)vANGLEoDHP(I).AMS(I)v
1 PHs (1) 9 ASASS (D)

CONTINUE

IF (CHOKE +EQ. =1.0) GO TO 2V

IF (ICOMP LEQ,., 2) CALL OUTPRF

caLL OUTLYR

IF (NBDY 6T, 0) CALL OUTCNE

CALL OUTSNP

HSHP=PTS (N[TER+ 1)

(N
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€a000e

JGo0¢e
2000ue
a6Qoue
¢0000e2
000002
030002

630002
0600ue

6CJ002
000002
00000e
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200142
00014s
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cool71
000175
Co0177

[oNeRe!

ASSAPS=FUNGHWTFL/PTIS (NI TE~+L)

ARTITE (K600 (FITLE(K) s K=lylo)

ARITE (Aal0H)Y WTFL

WRITE (Henl0) PTSINITEK+])

wRITE (Aebl2) ASSAPS

ARITE (696l4) CFL

WRITE (Ae616) CvL

PTS(NITECR)=PTS(NITER+])

IF GuSHD Jee 1) CALL PERF

IF (NSHH (6T b JAND. XSLPUISLP) JEU. END) CALL PERF
20 RETURN

END

SUHMRUUTINEG QUTL YK
ARITE=OUT UF PERTINENT BOUNUARY LAYER INFORMAT ION

COMMON X {2+100)sY(29100)sP(24100)sT(24100)

COMMON KbLP(lﬂU)qYSLP(IUOlsAMP(lOO)9THETA(100)yPHP(lOO)yAMS(lOO)o
1 PHS(100) s ASASS(LU0) sDASUA(L00) s ISLP

COMMON XIS(?l-Zb)1Y15(21926)¢W(21)’TAU(Zb)vaONICoNANGLE

COMMON XSUNIC(Zh)vYSUNIC(Zb)vPbUNIC(db)vTSUNIC(Zb)vISONIC

COMMON XCONE(IOO)9YCONE(100)sPCUNE(ldO)vTCONt(lOO);ICONE

CUMMON XSHD (1001 9 YSHD(100) sOYSUX(L00) ¢ NSHD

COMMON XHDY(109) «YHOY (100) 20YSUX(L100) » KDY

COMMON WTFL-HSHPcTUS,TOPsGAM)quMP,FUNbsAMH-ANUH;APREFsASSAPSv

1 )(pRIMvYPRIMsAPRIMoUPH’IMvCFL!CVLvCONAsUHUY![)SHDcENDQ
2 PAM'.‘]-YHATIOvPlvCONVAvCONVPtFUIM;N[)ATAoNbTOPv
3 SOLVE s CHOKE s CHANGE « CHARGE s TYPE ¢ POINT 9 STAG

COMMON PTS(ES)9AQEA(25)9WLEAK(£5)-TIILE(L&).NI]EP.TRY
COMMON/%NLYH/XbUM(lUU)qYSUM(lUU)vUELbHD(lOO)vTHETAS(lUO)'
1 CFSHD(IOU)nKCNE(lOD)sYCNt(lOO)vDELCNE(lUOIvTHETAC(lOU),
2 CFCNE(]OO)vREYPRM-PUPqAUPvVOPaREYSECyPOvaOSsVOS-PEXvXSCALF
COMMON/QUTPN/IFPNCHy IPRNT 4 1COMP
DIMENSTON ZSLP(100) +ZCONE (100) s AMCNE (100}
FUNM(GyPH)=SURT(8.0/(6-1.0)*(Ph““(—(b-l.O)/G)-l.O))

500 FORMAT (1HLls//2BXs18R4y//)

602 FORMAT (22X+6HWTFL =F9.645Xs9HPTS/PTS =F9.,655Xx 9 BHREYPRM =£]0,3,

1 SXydHREYSEC =£1043)
504 FORMAT (//32Xv4beH09HA;“HYSHDyHXvJHAMS-&KobHUELbHDsGX;bHTHETASv
1 6X e 5HCF SHD)

006 FORMAT (25Xe6F1le,5)

008 FURMAT (//32X'QHXCNEydxy»HYCNEde13HAMC;&X;6HU&LCNEvavaTHETAC’
1 HEXeHCFCNE Y

0ld FORMAT (1HD)

SUBROUTINE OUTLYR

I[F (REYPRHY EQs 0.0) GO TO 1y
WRITE (6+9600) (TITLE(K) s K=1418)
IRITE (6+602) WTFLaPTS(NITER) +KEYPRMIREYSEC
WRITE (he6Qa)
DY 10 I=lsISLP
ISLP(T)=XSLRP (1) +XSUM (1) /XSCALE
IRITE (Hhab06) XSLP(I)vaUM(I)vAMb(I)vUELSHD(I)9THETAS(I)¢CFSHD(I)
IF (1 «NE. 45) GO TO i0
WRITC (69600) (TITLE(K)s K=1e12)
ARITE (6+9602) WTFLaPTS(NITER) oREYPKMaREYSEC
WRITE (6+4604)
10 CONTINUF
[F (NBDY .EU. 0) GO TO ls
ISTOP=1CONE~]
WRITE (69600) (TITLE(K)s K=1a18)
WRITE (64+602) WTFLsPTSINITER) s REYPRHAWREYSEC
WRITE (64008}
U0 12 I=l,1I5To0P
ZCONE (IY=XCUNE (1) +XCNE (1) /XSCALE



0002063 AMCNE (I)Y=FUNM (GaMP o PCUNE (1))

360210 HARITE (henln) XCONE () o YCONE (1) «AMCNE (1) o DELCNE (I} » THETAC(I) »
1 CFCnE (1)
603230 [F (I «NE. 4b) ou TO 12
06023¢ WRITE (Aeh00) (TITLE(K) s K=1e18)
(0244 WRITE (h9o02) WTFLePTS(NITER) sREYPRMeREYSEC
503260 ARITE (6enys)
GU0cos 12 CONTINUE
06aen7 14 IF (IPNCH JFQ. U) 6O TO 18
[
C PUNCH CA®DS FOR SASMAN CHRESCI TURHULENT SOUNUARY LAYER PROGRAM
C
cdoavou 200 FORMAT (9A60)
200270 202 FORMAT(AF 12,6}
$092170 S04 FORMAT (516)
000270 L6 FORMAT (2FLN.6s10Xe5F1046)
000270 PR=0.70%
covare RECOV=0,9-0
000273 DIM=(2,0+FOIM)
200275 SCALE=DPRIM/Z,0
£o0277 Niv=a.0
000300 IPROF =0
000301 ICARD=0
609302 IPLOT=1
060303 IF (IPNCH LEQ, 2) 60 TO 16
nG60305 POS=P0S/la4l.0
c00307 THETAL=SCALE#THETAS (1)
000311 H1=DELSHD (1) /THETAS (1)
000312 PUNCH 50uUs (TITLE(K) s K=]1s9)
£00324 PUNCH 502 POSsTUS»AMAUQ s GAMSePRIRECUYV
000344 PUNCH 502e DIMsSCALE»AMS (1) o THETALSHLWDIV
000364 PUNCH 504y ISLPsISLPsIPROFsICARDSIPLOT
000402 PUNCH 50649 (ZSLP(I)eYSUM(I) s AMS(I) oPHS(I) oDELSHU(T) o THETAS(I) o
1 CFSHD (I)s I=ls]SLP)
000431 16 IF (IPNCH LEQ. 1 40R, N3DY JEG. 0) GU TO 18
000440 POP=POP/104.0
Q00442 THETAL=5CALE#*THETAC (1)
00044s H1=DELCNE (1) /THETAC( 1)
000445 PUNCH 500+ (TITLE(K) e K=l99)
000457 PUNCH 502s POPesTOPsAMHUO s GAMP sPRaRECUY
000477 PUNCH 502s UOIMeSCALEsAMCNE (1) o THETALsHL WOV
Q00517 PUNCH S04« ISTOPSISTORPIPROFsICARDSIPLOT
€00535 PUNCH 506+ (ZCONE(I) 9 YCONE (I)«AMCNE(I)sPCONE(I) sUELCNE(I) o
1 THETAC(I) sCFCNE(I)s I=1sISTOP)
000564 18 RETURN
000565 END
SUBROUTINE GUTSNP
C
C WRITE=OUT OF CONDITIONS ALONG SONIC LINE
C
6000062 COMMON X (2al00) oY (ZelUU)sP(2e1uU0)sT(2010G0)
v00002 COMMON XSLP(L00) o YSLP(LUO)Y sAAP(LOU) o THETA(LOU) oPHP (100) s AMS(100) »
1 BHS(100) »ASASS (LUOQ) #DASUX(L100) o ISLP
JGo00e COMMUN XTIS(21626) s YIS(21426) W (21)oTAU(26) sNSUNTICeNANGLE
630002 COMMON XSUNIC(26) 2 YSUNIC(26) 9PSONIC(£26) 9 TSONIC{(20) o ISONIC
000002 COMMON XCONZ (100) 9 YCONE (100) +PCONE(LJ0) s TCONE (L100) 9 [CONE
CGo0o0e COMMON XSAD (LU0 s Y3AD (LUU) 2DYSUALLUD) 9 NSHD
00g00ue COMMON XBDY (L00) o YSOY (1U0) sDY=SLX(100) o NHDY
00002 COMMUN WIFLeHSHPaTUSsTOFsGAMSsGAMP oFUNG s AMRIANORIAPREF s ASSAPS
1 XPRIMsYPRIMeAPRIMeNPRIMICHFLICVLICONADBLY sDSHDWEND «
PAMS s YRATTUSPTI sCONVASCONVRFDIMeNDATAYNSTUR S
3 SOLVE s CHOKE ¢ CHANGE ¢ CHAROLE « TYPE « POINT «STAG
000002 COMMON 2TS(25) e ArEA(CD) snbLbEAR(29) o TITLE (LH) oNTTERSTRY
300002 COMMUON/BNLYH/ZXSUMEED0)Y s YSUMULUU) »UELSHULL00)Y « TRETAS(L00) »
1 CFS (100 o XCNE(LUU) o YONE CLUV) s DELCNE(LVO) « THETAC(10U) o

2 CFCWE(LDD) aREYPRY9PUP+AUP s VOP s KEYSECerUDsANSsVOSePEXs XSCALY
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L0073
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200eue
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GCoooe

600002
geoove
600002
0000ue
C0g002
00002
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830002
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[oEeNe!

<FualL K1
AVE (X1«
FORaT

FidwiaaT

Prx=17,0
CrL=v.0
CvL=).0
arrM=],
SAavE=RS
awlTe (
PR R
u) Pha=C
ARl Te
IF (1 .
YAVE=AV
rave=av
DA=AS0M
NY=YS0N
AvRA= AR
CvL=CVL

i
G

CFL=CFL

16 CONTINU
CvL=CVL
CFL=CFL
IF (REY
KRl=4.0%
KpP=4 (%
CFL=(1.
cve=1(1,

12 RETURN
END

SuURKRUUT
ARITE=-D

COMMUN
COMMON
1
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
1
2
3
COMMUN
REAL MA
FUNM (G
~00 FORMAT
~0P FORMAT
1Ta =FH.
LCHK =45
LINE=Q
AxITe o
00 1u I
MACH=FU
WRITE
LINE=1+
IF (LIN
IF (I .
10 CONTINU
RETURN
END

K7

X2)={X1+K2)V /2.0

(1Y e//733x01Ra4e/7)

(358 e0mX50N]C SFI 593 XeBHYSONIC =FB,5s0Xs8HTSONIC =F10.5)

3
o

DNEC L)

HerGU) (TLITLE(R)

=t I50%IC

DNVAa*TSONTCLL)

Hante) ASONICUIY s YSONIC(I) sALPHA

EWe 1) OO TU 1w

FAYSUNTC R «YSONLIC(I=1))

EATSUNICOL o TSUNIC(TI-1))

IC(I=1)=XSUNIC(T)

ICUI=4)=YSUNIC(I])

R+ (L0t OIM) HYAVERSFDIMFDY

UL U+FDIM ) #YAVEHREFDIMHCOS(TAVE) # (COS(TAVE) #DY~
STN(TAaVE) #DX)

L0+t DI ) HYAVERRFDLIM* (COSITAVE ) #)Y=SIN(TAVE) ¥DX)

r.

/CFL

ZAPRM

PrA (BEQe Ua0) 6O Tu 12

De 370/ (LeU+PER) Z/CUS (ARHS (ANGK) )
Oa37U#rEX/{(La0+PEX) 2 (240+PEX))

UK I¥REYPRME® (=, 20) ) #CF L

O=K2EREYPRMES (=, 20) ) ¥CVL

K=leln)

Twé QUTCNE

UT OF PERTINENT InFORGATION ALONG THE EJECTORK CENTERBQOUY

X{25100)9Y(29100)sP(25100)9T(29100)

XSLP(L00) o YSLP(100) sAMP(100) s THETA(LGU) «PHP(100) s AMS(100) »
PHS{Y00) s ASASS(100) 2VASVA(LIC0) s ISLP

XIS(21026) 9aYIS(2L9726) 9w (21)aTAU(26) sNSONICeNANGLE
XSONIC(Z26) s YSONIC(26) ¢ PSONIC{c6) 9 TSUNIC(26) s ISUNIC

XCONE (100) s YCONE (100) sPCONE(1U0) « TCONE (100) 9 ICONE
XSHO(L00) s YSHD (100) sDYSUX(L10U) §NSHD

XSBOYCL0D) s YBUY (100) #DYBUA(LU0) sNHOY
wTFLgHSHP,TUSvTOP:GAMS.UAMPQFUNbgAMR,ANbRyAPREPvASSAPSo
XP[ M YPRIMeAPRIMyDPRIM9CFLCVL s CONRsDBUY s DSHDsEND »

PAMBs YRATIOsPLsCONVASCONVRsFUIMsNDATASNSTOR Y

SOLVE ¢ CHOKE 9 CHANGE s CHARGE s TYPE 9 POINT s STAG

PTS(25) e AREA(25) s WLEAK(29) o TITLE (18) oNITERS TRY

cH

PHYSSQKT (2,07 (G=1 ,0) # (PH¥#* (= (5=1,0)/G)=-1.,0))

(IHle//72B8x9 18044/ 7)
(P1X240XC =FdeeaXearyY(

=F3eSs4Xs LOHMACH NOW =FB.544Xe THTHE

S5¢4Xs6HP/HP =F4,5)
H9600) (TITLE(K) 9 K=ly1d)
=14 [CONE

NM{GAMPsPCONE (1))

69602) XCONE(I)sYCONE(]) +MACHs TCONE(I) oPCONE (I}
LINE

E oLEs LCHK) LU TO 10

LT. ICONE) wRITE (64600) (TITLE(K)» K=1+}2)

3
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SUBRDUTING QUTFLLT)
WRITE~0UT OF PERTINENT INFOURAATION IN PRIMARY FLUW FIELD

CUMMON XA{2¢100) sY (ZoL00) eP(2+21U0)aT(29100)

COMMON XSLPLLOD)Y «YSLF(LUN) +AMP(LUD) s THETACLIOU) sPHP(L00) s AMS{100) s
OHS (100 s ASASS (LU0 sUASUX(L0U) +1SLP

COMMON XIS(21s26)3YI5(2Ls26) aw(ZL) s TAU(26) ¢NSUNICaNANGLE

COMMON XSONIC(26) « YSUNEC(26) «PSONIC(26) s TSUNIC (o) s ISONIC

COMMON XCONE (L1001« YCUNE (L00) «PCUNE (L0 o TCUNE(100) o [CONE

COMMON X560 (100) o YSHD (LU0) s0YSUX(L00) s NSHD

COMMON XHOY (L00) «YsOY (L0U) s YsUX(L00) sNnHUY

COMMON WTFL gHSHP 4 TU s TOP 3 GAMS 4GAMP 3 FUNG 9 AMR ¢ ANUR 3 APREF 4 ASSAPS,
XPRIMaYPR[MeAr<IMeaDPRIMsCFLICVLICONAIDHUY s DSHDsEND 9
PARX s YRATIOePTsCONVASCUNVHsFUIMeNDATASNSTOR o
SULVE s CHOKE ¢+ CHANGE s CHARGE o TYPE 9 POINT o 5T AU

COMMUN PT5(¢9) sAREA(ZY) s WLEAR(Z29) o TITLE(18) eI TEKS TRY

COMMON/CPLUT/TIPLUT o XSTART 9 YSTART s ASPANSYSPANISCALE 9 SPANSAXIS

KURGN e YORON e XSHF Ta YSHF Toe KKK (14) s PP (1a) s ADUWNI(100) s YACRUS(100)
REAL MACH
FUNM(GePH)I=SART (L. 0/ (G=14 0} ¥ (PHE# (= (15=1,0)/6G)=1.0))

600 FORMAT (lHLe//48Xe36HCONDITIONS IN THE PRIMARY FLOW FIELDs//)
002 FORMAT (24Xs4HAP =F9,544X94HYP =F8.594X9 10HMACH NO. =FB,S5s4Xe6HP/H

10

1

W

P SFH S aXe THTHETA =F9,5)

IF (IPLOT +EQ. 1) GO TFO 12
WRITE (69600)

DO 16 K=1+100

[F (PLIsK) (E0e 040) 6O To L2
MACH=FUNM(GAMP s (T 4K))

WRITE (64h02) X(leK) oY (IeK) sMACHIP (LK) e T([aK)
CONTINUE

IF (IPLOT 4EWe 1) CALL PLOTF(I)
RETURN

£nND

SUBROUTINE QUTPRF
WRITE-OUT OF MACH NUMHER PROFILES

COMMON X(29100) Y (2o10Q)eP{Z2s10u)sT(24100)
COMMON XSLP(10C) s YSLP(L00) sAMP{I00) s THETA(LOU) sPHP (100) s AMS (100}
PHS(L00U) »aSASS(100) s0ASUXLL00) 815 P
COMMON XIS(21+26)sYIS(21426) ew(21)9TAU(26) +NSONICeNANGLE
COMMON XSONIC(Z2D) s YTSUNIC(26) ¢ PHUNIC(26) s TSUNIC(206) +1SONIC
COMMON XCONE (100) o YCONE (10U o+ PCONELLUD) o TCONE (100 o ICONE
COMMON X5SHU(L10D) «YSHD(100) 9+OYSUALLO00) «NSHD
COMMON XoDY(L00) oYY (LU0 s0DYRUA(LUD) sNBUY
COMMON WTFLsHSHP 3 TUSs TOP s GAMS s GAMP s FUNG 9 AMR ¢ ANGR s APREF s ASSAPS
XPRIMyYPRIMeAPRIMoUPRIMeCFLICVLICONASDHUY 9DSHDEND
PAMH ¢ YRAT[OsPIsCONVASCONVReFUIMsNUATASNDSTOP s
SOLVE o CHUKE s CHANGE s CHARGE s TYPE S POINT 9 STAG
COMMON PTS(25) sAREA(25) swLEAK (25 s TITLE (1R8) «NITERSTRY
COMMON/PRFLR/XPRE (6) s YPRF (6925) s UPRF (6925) « NPRE (6) sMAX ¢« NMAX
COMMON/OQUTPN/IPNCHeKPNCH» ICUMP
FUNP (GeAMY= (] 0+ (G~1.0)/2,0%AM¥AM) ##(-G/(56~-1,0))
FUNT(GesAMI= (1 0+ (G=1,0)/2.,0%aAMEaAM) &8 (=-1)

000 FORMAT (1Hl+//27xe12A64/7/)
602 FORMAT (L19Xs4HAP =F9.594X9s4HYP =FB.594Xe 10HMACH NOs =FBeSeaX9THP/P

004
700
02
704
706

1

OP =F8,5v4XeTHT/TOP =F8,5)

FORMAT (/1HY)

FORMAT (12A6)

FORMAT (36HEJECTUR MACH N0« FLOW FIELU AT X/R =F6,3)
FORMAT (I3)

FORMAT (8F10.5)

ISKIP=0

WRITE (6+600) (TITLE(J) s J=lel)

IF (KPNCH 4GT, 0) PUNCH 700 (TITLE(I)s I=1412)

DO 14 I=1leMAX
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TC30ev
c20061
CJ00h3
2u00b«
LLgorl
130073
206077
wdulie
I{dles 10
C9013v
Gudlae
Cdolide
0l sa
Gudlee 17
Y17
Judlbo
000163
$09203 la
280200
VAV

loN el

Gu000e 20
aG0003

oo

ty00u3
w0000«

T OO

60002
0040003

IF CuP=F () oFWe J) LU HUu 19

<P=F=re=<r (1)

[SKIr=1+]5K]r

[F (ISKT» orte ) an|TE (teni)a)

D0 10 k=) e KwRE

PRESSFUNMP (GAMP ewPFE (oK) )
THFAPZFUNT (DAMP e wF (] oK)}

WRITE (Aenlel KPwk (L) o VERE (Lor) s WPKF ([ 9K) ¢ PRES s TEMP
CONT INDF

IF (I5kKIr 2w, Ly U Tu L2

IF (1 ¥d. MAX)Y GO TO 12

I>kIP=0

W [TH (RanQU) (TITLEC(J)s J=1lsl2)

IF (KPNCH ore 03 LG TU 1=

BipiCHa Tule XPRELT)

HONCH Thee KPR

PUNCH 7960 (YPRE (1exX) s UPrE ([ 9yK) s K=leKPRF)
CONTINUE

~ETURN

NP}

SURKOUTING RLOTC
CALCUMP PLOUT OF >twr0UD AN CeNTERsOUY CONTOUK

Re TURN
kNt

SURROUTINF PLOTF (1)

CALCOMP PLUT OF CHARACTERISTIC FIELY

E TURN
END

SUSRUUTINE PLOTL

CALCOMP PLUT OF PRIMARY LIP (CONCLUSION UF PLUOITING SEQUENCE)

RETURN
END
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Figure 1. - Supersonic ejector system.
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Figure 2. - Primary nozzle flow field.
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Figure 4. - Secondary flow field.
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END e
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Figure 5. - Geometric input variables. YRATIO = DAPRH/DPRIM.

END

Figure 6. - Geometric input variables. plug nozzle ejector.
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